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PREFACE TO THE THIRD EDITION 


The developments in the art of sewage treatment during the nineteen 
years since the publication of the second edition of this volume have 
been so numerous and have spread out in so many directions that it 
has been necessary to rewrite completely a large proportion of the text. 
As the fundamental principles involved in the older methods of treat¬ 
ment in large measure underlie the newer processes and as many of the 
more recent installations consist of combinations of the older and the 
newer features, an effort has been made to devote adequate space to 
both groups of processes and thus to maintain a balance that would be 
most helpful to readers in general, rather than to devote an excessively 
«'large proportion of space to the new processes, which naturally 
are of absorbing interest to many investigators. A few cost data have 
been included, for the purpose of giving readers 'v general idea of the 
costs of constructing and operating certain features of treatment plants. 

The death of Mr. Metcalf in January, 1926, left upon the surviving 
author the responsibility for this revised edition. In the preparation 
of this volume, he has been assisted greatly by many engineers and 
others who have furnished information and data. Particular acknowl¬ 
edgment is made to Professor Gordon M. Fair of Harvard University, 
who suggested the adopted rearrangement of chapters and the order of 
treatment of various subjects and who also rendered valuable assistance 
in the preparation of the text for several chapters; to Professor Melville 
C. Whipple, also of Harvard University, who assisted in the preparation 
of other parts of the text; to the author^s partners for helpful suggestions; 
and to various members of the staff of Metcalf <fe Eddy who have aided 
in the preparation of the book, especially to Frank L. Flood, Guy E. 
Griffin, Stuart E. Coburn and Wallace W. Sanderson, and to George 
C. Houser who has edited the entire volume for publication. 

Harrison P. Eddy. 

Boston, Mass., 

Octoberj f936. 




PREFACE TO THE FIRST EDITION 


The purpose of this volume is twofold: first, to explain in simple, 
non*technical language the nature of sewage and the changes that take 
place in it when it is subject to different conditions, and second, to 
describe the structures designed to produce these various conditions, in 
order that the character of sewage may be changed to t]be desired extent 
before it finds its way into some body of water. The first purpose is 
carried out in Chapters I to VI inclusive.^ The remainder of the volume 
is intended primarily for designing engineers and operators of such 
plants. 

So far as the authors are aware, they have treated the subject in a 
new way, which has been adopted as a result of their conviction that in 
the present state of knowledge concerning sewage disposal, highly 
technical discussions of disputed theories were undesirable in a book 
intended to be helpful not only to engineers but also to sewer com¬ 
missioners, lawyers and under-graduate students. Some of the chapters 
have been rewritten several times in order to avoid repetition and need¬ 
less technicalities. Other chapters would be materially changed if the 
practical experience of today but furnished adequate precise data, 
rather than a certain amount of general information from vrhich have 
been drawn the inferences here given. This is particularly true of the 
subjects of screening, the American use of contact beds, the oxidation of 
sewage directly or indirectly by aeration, and the disposal of sludge. 

For the opportunity to present the large amount of information 
regarding American practice in sewage disposal contained in this vol¬ 
ume the authors here gratefully acknowledge the valuable and generous 
assistance given to them by their engineering colleagues and friends, 
whose co-operation in this undertaking has been typical of the spirit of 
mutual professional, helpfulness that has been responsible for a large 
part of the recent progress in this field. In the present state of the 
subject, the experience in other countries affords much valuable infonna- 
tion which has been employed liberally, although this treatise is pri¬ 
marily intended to be a survey of American Sewerage Practice. For a 
considerable part of this information the authors are indebted to 
engineers in England, France and Germany, whose cordial aid in their 
task has proved one of the most pleasant features of the preparation of 
the volume. 

The authors have kept constantly in mind the fact that while there is 
potential danger to public health in sewage, the disposal of thi^ class of 

‘ These chapter numbers refer to ^he first edition and are not applicable 
to the present edition. 
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PREFACE TO THE FIRST EDITION 


niunici])al wastes is not alone a technical problem but one which calls 
for heavy, continuing expense. It is something in which the sanitarian 
and the civic economist are as interested as the engineer, and the 
authors have endeavored to treat the subject in a way to recognize this 
fact. Skimping funds may often lead to danger to the public health, 
and the enforcement of requirements for an unnecessarily high degree 
of purification of sewage to useless waste of money. It is the engineer’s 
duty to safeguard the public health and to advise wise limits of expendi¬ 
ture. This can be done most effectually by insisting that each under¬ 
taking shall be considered upon its own conditions and that the trained 
specialist in this branch of engineering shall be the judge of the signifi¬ 
cance and applicability of experience gained with disposal works else¬ 
where. The danger of failure resulting from copying plans of one plant 
for use in another locality is very real in the field of sewage disposal. 

The extent of the sewage treatment works in this country is indicated 
by statistics compiled under the direction of George M. Wisner, Chief 
Engineer of the Sanitary District of Chicago. These are based on the 
census of 1910 and indicate that out of a total population of about 
91,600,000 in the United States, about 34,700,000, or 38 per cent, 
lived in places provided with sewerage systems. Of these systems, those 
serving a population of 3,900,000, or 11 per cent, were provided with 
sewage treatment works. The sewage of 89 per cent of this population 
in sewered places was discharged untreated into water. This shows 
the importance of dilution as a means of disposal. About 10 per cent 
of the population served by sewers lived in places having basins or tanks 
for treatment, 3 per cent where intermittent filters were used, 1 per 
cent contact beds, and 4 per cent trickling filters. Some of these 
places have two of these methods of treatment in use, so that the total 
of the figures just given is greater than the 11 per cent previously 
mentioned as served by systems with some form of treatment works. 

The art of sewage treatment has made radical and important advances 
during the last 25 years, and it is to be expected that tliis progress will 
.continue. The number of persons engaged in the study of sewage 
disposal problems is increasing rapidly, which, with free interchange of 
ideas, must stimulate more rapid future progress in the perfection of 
methods. The prospect of such improvements rarely justifies delay in 
the installation of needed treatment plants, however, for there are now 
available methods of economically accomplishing any degree of purifi¬ 
cation. which may be required, nor is the discovery of a better method 
often cause for just criticism of those responsible for one already 
in use. Improvements in every field follow careful investigation and 
change in conditions. 

Boston, Mass., 

October 6, 1915. 


Leonard Metcalf. 
Harrison P. Eddy. 



CONTENTS 


Paob 


Preface to the Third Edition ... v 

Preface to the First Edition .vii 

CHAPTER I 

Development of Sewage Treatment and Disposal. 1 


Earliest Methods of Sewage Disposal—Dilution—Broad Irriga¬ 
tion—Intermittent filtration—Sedimentation—Chemical precipi¬ 
tation—Sedimentation and digestion of solids in septic tanks— 
Sedimentation and digestion of solids in Imhoff tanks—Digestion 
of solids in separate tanks—^Treatment in contact beds and 
trickling filters—Activated-sludge treatment—^Treatment by 
racks, grit chambers and screens—Treatment and disposal of 
sludge—Chlorination—Present status of sewage disposal in the 
United Staten—Sewage disposal in England—Sewage disposal in 
Germ any—Bibliography. 

CHAPTER II 

General Considerations in Treatment and Disposal of Sewage . 18 

Reasons for sewage treatment and controlled disposal—Sewage 
and disease—Sewage treatment and water purification—Sewage 
and offensive conditions—Legal aspects of sewage disposal—The 
problem of industrial wastes—Agencies for control of stream 
pollution—Sewage disposal and the sewerage plan—CX>st of 
sewage treatment—Economic utilization of sewage or by-products 
of sewage treatment—Value of experimentation—Bibliography. 

CHAPTER III 

Characteristics and Behavior of Sewage.30 

General characteristics of sewage—Concentration, composition 
and condition of sewage—Sewage analysis—Scope of sewage 
analysis-^’Classification of tests—Expression of analytical results— 
Common constituents and properties of sewage—Solid matters 
in sewage—Suspended^ colloidal and dissolved matter—Settling 
solids—Organic matters in sewage—^The cycles of nitrogen, 
carbon and sulfur in nature—Mineral matters in sewage—Gases 
and volatile matters in sewage—^The hydrogen ion concentmtion 
of sewage and sewage mattnsrs—^Living things in sewage—The 
bacteria—^Plankton and higlier organisms—^The decomposition 
of sewage—Changes taking place in sewage matters—Indestructi¬ 
bility of matter—Aerobic and anaerobic decomposition—^The 

ix 







X 


CONTENTS 


^AOS 

oxygen requirements of decomposing sewage-constituents and 
properties of sewage sludge—Bibliography. 

CHAPTER IV 

Elements of Sewage Analysis.69 

Significance of analyses in sewage treatment and disposal— 
Physical and chemical examination—Collection of samples—Pres¬ 
ervation of samples—Mechanical equipment for sampling—Expres¬ 
sion of analytical results—Physical tests—Determination of solid 
matters—^Determination of organic matters—Dissolved oxygen— 
Hydrogen ion concentration—Determination of mineral matters— 
Bacteriological examination—Collection of samples—Preservation 
of samples—Bacterial counts—Differentiation of bacteria other 
than B. Coli —Microscopical examination—Examination of sewage 
sludge and muds—Collection and preservation of samples— 
Moisture and specific gravity—^Fixed and volatile solids—Reac¬ 
tion—Fertilizer analysis—Grease—Special tests—Examination of 
industrial wastes—Sewage-works laboratories—^Location and lay¬ 
out of space—Equipment and special features—Bibliography. 

CHAPTER V 

Composition op Municipal Sewage.89 

Origin of sewage—Variations in sewage quantity—Variations in 
sewage quality—Comparative analyses of water and sewage— 
Substances present in sewage—Sewage analyses—Suspended 
matter—Dissolved matter—Settling solids—Colloidal matter-^— 
Biochemical oxygen demand—Bacteria—Effect of temperature— 
Effect of industrial wastes—Bibliography. 

CHAPTER VI 

Outline of Methods op Sewage Treatment and Disposal ... .121 
Sewage disposal by dilution—^Limitations of sewage disposal by 
dilution—^Aeration of sewage prior to disposal—Impounding 
reservoirs as a substitute for sewage treatment—Fish ponds— 
Sewage disposal by irrigation—^limitations of agricultural utiliza¬ 
tion of sewage—Need for and extent of sewage treatment— 
Reclamation of sewage—Removal and disposal of coarse suspended 
matter—Racks—Screens—Disposal of rakings and screenings— 

Grit chambers—Skimming tanks—Detritus tanks—Storm-water 
tanks—'Removal of fine suspended matter—Classification of 
sedimentation tanks—^Plain-sedimentation tanks—Chemical-pre¬ 
cipitation tanks—Miles acid process—Septic tanks—Imhoff 
tanks—^Electrolytic treatment—^Filtration and oxidation of 
liquid—Classification of oxidation processes—Contact aerators— 
Intermittent filters—Contact beds—^Trickling filters—Activated- 
sludge process—Disinfection and chlorination of liquid—Treat¬ 
ment and disposal of sludge—Volume of sludge produced— 
Methods of . sludge treatment and disposal—Sludge-digestion 





CONTENTS 


Paou 

process—Sludge digestion in Imhoff tAnks^—Separate sludge- 
digestion tanks—Sludge-drying beds—^Dewatering sludge by 
pressure or vacuum filters—Other mechanical methods of dewater¬ 
ing sludge—Heat-drying of sludge—Incineration of sludge— 
Disposal of sludge in water—Disposal of sludge on land—Common 
combinations of sewage-treatment processes—Governing factors— 
Common combinations of processes—Fine screening plants— 
Sedimentation plants—Intermittent sand-filter plants—Trickling- 
filter plants—Activated-sludge plants—Bibliography. 

CHAPTER VII 

Pollution and Self-purification of Natural Waters.168 

Progressive changes in sewage-polluted streams—Processes of self¬ 
purification classified—Oxygen relations—The oxygen balance— 
Atmospheric re-aeration—^The oxygen sag—Biological re-aera¬ 
tion—Biological relations—^Biological processes of self-purifica¬ 
tion—Increase in aquatic life due to sewage pollution—Indicator 
organisms—Bacterial death rates in polluted waters—Hydro- 
graphic relations—Quiet and running water—Fresh and salt 
water—^Temperature effects—Sludge deposits—Observed pollu¬ 
tion and self-purification of natural waters—Illinois River studies— 
Cowesett Brook—^Lake Michigan at Milwaukee—New York 
harbor—Bibliography. 


CHAPTER VIII 

Sewage Disposal by Dilution. 190 

Basic information for planning dilution works—Hydrographic 
surveys—Hydrographic surveys for ocean outfalls—Float observa¬ 
tions—Salinity observations—^Tides and the tidal prism—Extent 
of sewage field in salt water—Hydrographic surveys for lake out¬ 
falls—^Temperature observations and wind-induced movements— 
Seiches—Investigations at Milwaukee, Wis.—Dilution require¬ 
ments—Standards of dilution—Prevention of offensive condi¬ 
tions—Studies of Chicago Board of Review—Safeguarding of water 
supplies—^Protection of bathing beaches—Conservation oi useful 
aquatic life—Dilution works—Types of dilution works—River 
and lake outfalls—Outfalls in tidal estuaries or the ocean— 
Flushing sewers—Chicago drainage canal—Bibliography. 

CHAPTER IX 

Sewage DiilPbSAL by Irrigation. ..233 

Purification processes operative in soil—Action of sewage on 
crops—^Preliminary treatment—Construction of irrigation areas— 
Distribution of sewage—Underdrainage—Area required—English 
experience with sewage feigns—^The sewage farms of Pdris and 
Berlin—American sewage fa^s—Public health aspects of sewage 
farms—live stock on sewage farms—Present status of sewage 
farming—Bibliography. 






xii 


CONTENTS 


Page 


CHAPTER X 

Racks and Screens.262 

Classification of screening devices—Duplication of racks and 
screens—Racks—^liocation with respect to grit chambers—Area 
of fixed racks—Width of opening of fixed racks—Slope of fixed 
racks—Box or basket type of racks—Hand-cleaned fixed racks— 
Machine-cleaned fixed racks—Movable racks—Hand-cleaned 
movable racks—Machine-cleaned movable racks—Screens—Types 
of screens—Efficiency of screening—Rakings and screenings— 
Character and quantity of screenings—Handling and disposal of 
screenings—Burial of screenings—Dewatering—Incineration— 
Digestion of screenings—Shredding screenings—Cost of rack and 
screen installations—Bibliography. 

CHAPTER XI 

Grit Chambers, Skimming Tanks and Storm-water Tanks .... 283 
Grit chambers—Design of grit chambers—Velocity of flow— 
Detention period—Grit storage—Cleaning grit chambers—Hand 
cleaning—Mechanical cleaning—^Hydraulic cleaning—Theoretical 
study of grit-chamber performance—Vertical-flow grit chambers— 
Character and quantity of grit—Disposal of grit—American grit 
chambers—Skimming tanks—Design of skimming tanks—Aerated 
grease-separating tanks—Skimming-detritus tanks—Removal and 
disposal of skimmings—Grease traps—Storm-water tanks— 
Design of storm-water tanks—North Toronto storm-water stand¬ 
by tank—Columbus storm-water tanks—Cost of construction, 
operation and maintenance—Bibliography. 

CHAPTER XII 

Plain Sedimentation..309 

Objects of sedimentation—Theories of sedimentation process— 
Stokes^ law—Hazen’s theory of sedimentation—Limitajbions of 
Hazen^s theory—Plain-sedimentation tanks—Fill-and-draw and 
Continuous operation—Direction of flow—Horizontal-flow tanks— 
Elements of design—Number and arrangement of tanks—Deten¬ 
tion periods—^Limiting velocities—Area—Tank dimensions— 
Inlets and outlets—Scum boards and baffles—Bottom slopes— 
Volume variations of sewage sludge—Sludge storage and volume of 
sludge produced—Sludge removal—Freeboard—Roofs—Statistics 
of horizontal-flow tanks—Efficiency of horizontal-flow tanks— 
Vertical-flow tanks—^Elements of design—^Ijiiniting velocity—Tank 
dimensions—Cost of construction, operation and maintenance of 
sedimentation tanks—Bibliography. 

CHAPTER XIII 

Chemical Precipitation ..343 

Reactions involved in chemical precipitation—How chemical 
precipitation acts—^Volume of sludge produced—Elements of 






CONTENTS 


xiii 

pAue 


design—Recent developrntJiits in clicniical precipitation—Laiighlin 
process—Guggenheim process—^Travers-inarl process—Treatment 
with chlorinated copperas—Other processes—Bibliography. 

CHAPTER XIV 

Sludge Digestion.355 

Course of sludge digestion—Factors influencing digestion—Two- 
stage digestion—Gas production and utilization—Quantity of gas— 
Character of gas—Utilization of gas—Collection anil burning of 
gas to prevent offensive odors—Gas holders—Measurement of 
gas—Gas hazards—Protection against gas hazards—Bibliography. 

CHAPTER XV 

Septic Tanks.376 

Characteristics of septic process—Elements of tank dcjsign— 
Influence of character of sewage reaching septic tanks—Effect of 
septicized sewage on filtraiion—Number of tanks and detention 
period—Roofs—Inlets and outlets—Sludge storage and volume 
of sludge produced—Removal of sludge from tanks—Examples 
of septic tanks—Efficiency of septic tanks—Cost of construction, 
operation and mainicnaiice of septic tanks—Bibliography. 

CHAPTER XVI 

iMHorr Tanks.386 

Characteristics of Imhoff tanks—Elements of tank design—Inlets 
and outlets—Sedimentation compartment—Scum boards and 
baflics—Removal of skimmings—Sludge-digestion compartment— 
Volume of sludge—Digestion of humus shidge in Imhoff tanks— 
Digestion of excess activated sludge in Imhoff tanks—Sludge 
withdrawal—Gas collection—Statistics of Imhoff tanks—Efficiency 
of Imhoff tanks—Starting operation of Imhoff tanks—()pen*,tion of 
Imhoff tanks—Cost of construction, operation and maintenance 
of Imhoff tanks—Bibliography. 

CHAPTER XVII 

Separate Sludge-digestion Tanks.416 

Types of tanks—Elements of design—Capacity of digestion 
tanks—Roofs—Mechanical equipment—Heating of tanks—Sludge 
piping—Disposal of digestion-tank overflow liquor—Gas collec¬ 
tion—Statistics of separate sludge-digestion tanks—Separate 
sludge digestion in England—Separate sludge digestion in Ger¬ 
many—Cost of construction, operation and maintenan<!e of 
separate sludge-digestion tanks—Bibliography. 

CHAPTER XVIII 

Intermittent Sand Filters.437 

Preliminary treatment—Selection of filtering material and filter 
sites—Mechanical analysis of sand—Desirable sand size— 








XIV 


CONTENTS 


Paob 

Hydraulics of filtration—Depth of bt‘d—Filter loading—Dosing 
cycle—Size, shape and grouping of beds—Banks and roads— 
Distribution of sewage—Underdrainage—Clogging and resting 
of beds—Cleaning and winter maintenance of beds—Efficiency 
of intermittent sand filters—Odors from intermittent sand filters— 
Statistics of intermittent sand filters—Cost of construction, oper¬ 
ation and maintenance of intermittent sand filters—Bibliography. 

CHAPTER XIX 

Contact Beds. 456 

Characteristics of contact beds—Preliminary and final treat¬ 
ment—Selection of filtering material—Depth of bed—Dosing 
cycle and filter loading—Advisability of automatic control—Size, 
shape and grouping of beds—Distribution of sewage—Under¬ 
drainage—Maturing of beds—Clogging of beds—Treatment of 
different sewages—Efficiency of (contact beds—Statistics of con¬ 
tact beds—C^.ost of construction, operation and maintenance of con- 
t act beds—Bibliography. 


CHAPTER XX 

Contact Aerators. 467 

Characteristics of contact aerators—Elements of design-Con- 
tact material—Aeration—(leaning contact medium—Operating 
n^sults—Examples of contact aerators—Cost of construction, 
operation and maintenance of contact aerators—Bibliography. 

CHAPTER XXI 

Theory and Operation of Tricklino Filters. 477 

Characteristics of trickling filters—How changes in sewage are 
accomplished by filtration—Preliminary treatment—Final treat¬ 
ment—Maturing of beds—Unloading of filters—Clogging of 
filters—Cleaning of filters—Nozzle clogging—Odors from filters— 
Filter flies—Efficiency of trickling filters—Relative merits of 
trickling filters and contact beds—Bibliography. 

CHAPTER XXII 

Design of Tricklin(j Filters. 491 

Testing and selection of filtering inateriaLs—Size of filtering mate¬ 
rial—Choice of depth of bed—Trickling-filter loading—Dosing 
cycle—Size, shape and number of filters—Distribution of sewage— 
Revolving distributors—Traveling distributors—Spraying noz¬ 
zles—Hydraulics of nozzles for trickling filters—Dosing devices— 
Dosing tanks—Nozzle fields—Outline of hydraulic computations 
for a trickling filter—Underdrainage—^Loss of head—Ventila¬ 
tion—Walls—Covers for small trickling filters—Final-sedi- 
mentation tanks—Statistics of trickling filters—Cost of construc- 
ticHi, operation and maintenance of trickling filters—Bibliography. 







CONTENTS XV 

Paos 

CHAPTER XXIII 

Automatic Dosing Apparatus.645 


Air-controlled siphonic apparatus—Air-lock feeds—Timed 
siphons—Mechanically controlled siphonic- apparatus—Mechan- 
ical-dosiiiR apparatus—Head-varying valves—Dosing apparatus 
for intermittent sand filters—Dosing apparatus for contact beds— 
Dosing apparatus for trickling filters—Bibliography. 

CHAPTER XXIV 

Theory and Operation of the Activated-sludge Process. . . . 561 

Fundamental principles of the process—Preliminary treatment— 
Final treatment—Complete treatment—Partial treatment—Stage 
treatment—Disposal of excess activated sludge—Establishment 
and maintenance of sludge activity—Sludge re-aeration—Prop¬ 
erties of activated sludge—Microbiology of activated sludge— 
Sludge bulking—Sludge intiex -Bacterial digestion of sludge in 
aeration tanks—Nitrification and nitrogen balance^—Winter 
operation—Effect of industrial wastes—Effect of liquors from 
sliidge-treatm( nt processes—Degree of purification secured— 
Bibliography. 


CHAPTER XXV 

General Deshjn of Activated-sludge Plants and Details of 

Mechanical Aeration.598 

Period of aeration—Functions of aeration and circulation—Oxygen 
requirements—Velocity of circulation—Quantity of air required 
in diffused-air aeration—Diffused air vs. mechanical aeration— 
Diffused air combined with mechanical aeration—Proportion of 
return sludge—Quantity of sludge to be handled—Measurement 
of return sludge—Sludge-blanket depth detectors and indi¬ 
cators—Activated-sludge piping, pumping and flow control— 
Final sedimentation—Mechanical-aeration plants—Systems of 
mechanical aeration—The simplex system—The Link-Belt sys¬ 
tem—Paddle-wheel and diffused-air system—Statistics of mechan¬ 
ical-aeration plants—Bibliography. 

CHAPTER XXVI 

Diffused-air Activated-sludge Plants.631 

Activated-sludge patents—Systems of air diffusion—Ridge-and- 
furrow system—Spiral-flow system—^Longitudinal-furrow sys¬ 
tem—Comparison of diffused-air systems—Tank dimensions— 
Deflectors—Characteristics of plate diffusers—Clogging and 
cleaning of diffuser plates—Plate containers—Air piping—^Pow^er 
required for compressing air—Air compressors—Cleaning air— 
Re-aeration units—Statistics of diffused-air plants—Costs of 
construction, operation and maintenance of diffused-air plants— 
Bibliography. 






xvi 


CONTENTS 


Pa OB 


CHAPTER XXVII 

Utilization AND Disposal OF Sbwa(je Slud(}e. .667 

Quantity of sludge produced hy different sewage-treatment proc¬ 
esses—Character of sludge produced by ilifferent sewage-treatment 
processes—Composition of sewage sludge—Utilization of sludge— 
Economic values in sludge—Fertilizing ingredients entering 
sludge from sewage—Availability of fertilizing ingredients—Fats 
in sewage sludge—Monetary value of fertilizing ingredients and 
grease in sewage sludge—Present status of sludge utilization in 
America—Hygienic considerations in sludge utilization and dis- 
posal*-Final disposal of sludge—Disposal in water—Disposal on 
land—Other methods of sludge disposal—Conveying sewage 
sludge—Flow of sludge in pipes and other conduits—Sludge 
pumps—Bibliography. 


CHAPTER XXVIII 

Sludge-drying Beds. 715 

Characteristics of sludge-drying beds—Drying area required— 
Construction features of drying beds—Covers for drying beds— 
Removal of dried sludge—Statistics of sludge-drying beds— 
Operation of sludge-drying beds—Costs of construction, mainte¬ 
nance and operation of sludge-drying beds—Bibliography. 

CHAPTER XXIX 

Mechanical Dewatering and Drying of Sewage Sludge. 741 

Conditioning sludge for mechanical dewatering—Elutriation of 
sludge—Sludge filters—Sludge centrifuges—Flotation—Spray 
drying—Heat dryers—Costs of construction and operation of 
plants for dewatering and drying sludge—Bibliography. 

CHAPTER XXX 

Chlorination and Disinfection of Sewage and Effluent^ . . . 762 
Theory of chlorination—Chlorine and its compounds—Methods 
of chlorination—Quantity of chlorine required—Tests for free 
chlorine—Point of application of chlorine—Efficiency of 
chlorination—Reduction of biochemical oxygen demand by 
chlorination—Chlorine as a deodorant of sewage—Cost of chlorina¬ 
tion—Bibliography. 


CHAPTER XXXI 

Treatment and Disposal of Residential and Institutional 

Sewage. 782 

Disposal of fecal matter not carried by water—Box-and-can 
privies—Pit privies—^Vault privies—Septic privies—Chemical 
closets—Disposal of water-carried wastes—Quantity of sewage 
from residences and institutions—Cesspools—Single-story septic 
tanks—^Two-story septic tanks—Sludge-drying beds—Subsurface 
irrigation—Subsurface filters—Dosing tanks—Grease traps— 






CONTENTS 


xvii 

Page 

Iniennittent sand filtraiioii—Coniaci beds—^Trickling fil¬ 
ters—Activated-sludge process—Disinfection—Plant operation— 
Bibliography. 


CHAPTER XXXII 

Separate Treatment and Disposal of Industrial Wastes .... 809 
Harmful effects of wastes—Financial return from wastes dis¬ 
posal—^I^aws and regulations relative to discharge of wastes— 
Wastes survey—Quantity of wastes—Composition of wastes— 
Temperature of wastes—Disposal of wastes by dilution—Sepa¬ 
ration of clean waters—Equalization of flow and composition of 
wastes—Reactions between different kinds of wastes—Treatment 
processes—Regulation of treatment according to climatic con¬ 
ditions—Sludge disposal—Cost of wastes treatment—Influence of 
w'astes-disposal problem upon selection of industrial site—Attitude 
of industrialists toward wasted} treatment—Bibliography. 

CHAPTER XXXIII 

Operation and Maintenance of Sewaoe-trbatment Plants . .831 
Responsibility for successful operation—Results of faulty manage¬ 
ment—Providing funds for operation and maintenance—^Intelli¬ 
gent operation necjcssary—Operation under consulting super¬ 
vision—Records of operation—Analyses of sewage and effluent— 
State control—Maintenance—Costs of operation and mainte¬ 
nance—Bibliography. 


Index 


837 





AMERICAN 

SEWERAGE PRACTICE 

CHAPTER I 

DEVELOPMENT OF SEWAGE TREATMENT AND DISPOSAL 

Various authors have defined sewage in different ways, generally with 
the idea of indicating that it is largely the water supply of a community 
after it lias been fouled by a variety of uses. From a consideration of 
the sources of sewage, it may be deffned as a combination of the liquid, 
or water-carried, wastes conducted away from residences, business build¬ 
ings and institutions, together with those from industrial establishments 
and with such ground, surface and storm water as may be present. 

Earliest Methods of Sewage Disposal.—Although, the treatment of 
sewage is a relatively new art, which has been developed within the 
past 60 years, the removal of sewage from human habitations is an 
ancient problem. This fact is demonstrated by certain archaeological 
discoveries made in Asia a few years ago, when the city of Mohenjo- 
daro was excavated. Situated on the west bank of the Indus River, 
1500 miles from Babylon, Mohenjo-daro is believed to be more than 
5000 years old. The buildings had bathrooms with well-laid floors and 
latrines occupying recesses in the walls. Vertical pipes led the effluents 
from the latrines to drains laid underneath the house floors. Water 
chutes were cut in the outer walls of the houses and a large sewer was 
laid along the street to carry away the sewage. 

In America the earliest sewers were introduced mainly to remove 
storm water. This storm runoff was often foul and contaminated the 
river or other body of water receiving it. Sometimes the contamination 
was increased by the night soil gathered by cesspoobcleaning contractors, 
who in many cases threw it into the water course most convenient. 
The introduction of water closets rendered impracticable the discharge 
of household wastes into tight cesspools, such as were generally 
used in England, and led to the use of sewers for the removal 
of such wastes. The provision of Sewers soon served to eliminate filthy 
privy vaults and overflowing cesspools in populous districts. These 
common sewers discharged generally into the nearest stream or other 
body of water. By this practice, the annoyance at the individual 

1 



2 


AMERICAN SEWERAGE PRACTICE 


premises was transferred to the point of discharge of the sewer, result¬ 
ing in the creation of offensive conditions in the stream or along the 
waterfront. 

As long ago as 1842, the Poor Law Commissioners of England reported 
that outfalls should be constructed to remove the sewage of cities to 
tracts of land where it could be disposed of without polluting the streams. 
Although a public health act was passed in 1848, it had little effect, 
and it was not until the Nuisance Removal Act of 1855 was passed—at 
the close of a severe cholera epidemic—that effective legislation began. 
The evil condition which was fought was understood only vaguely at 
that time. The legislative purpose was to prevent rivers and other 
receivers of sewage from becoming offensive to the eye and nose. If 
neither of these organs could detect anything unpleasant, it was believed 
that there was no ground for serious complaint against the method of 
disposal. 

Dilution.—^Although sewage disposal by dilution was the earliest 
method adopted by municipalities, it was not until about 1887 that 
investigation of the principles entering into it was made by the late 
Rudolph Hering in connection with the problem of sewage disposal at 
Chicago. His studies resulted in the construction of the Main Drainage 
Canal of the Sanitary District of Chicago, completed in 1900. In 
Massachusetts studies undertaken at about the same time established 
the limiting dilution ratios which served as a basis of general practice 
for many years. More recently much information bearing on the 
disposal of sewage by dilution has been accumulated. Particularly 
noteworthy are the studies made by the United States Public Health 
Service in connection with the Ohio and Illinois rivers. 

Although seacoast municipalities have seldom adopted disposal 
methods other than that of dilution, it has often proved necessary, 
even in their case, to take precautions with respect to the location of 
outlets, in order to prevent the pollution of shores and bathing beaches. 

Broad Irrigation.—Beginning about the middle of the sixteenth 
century the sewage of Bunzlau, a German town, was used for irrigating 
cultivated ground, and the same practice was instituted at Ashburton 
and other towns in Devonshire, England, at the beginning of the 
eighteenth century. A famous example of sewage irrigation existed at 
Edinburgh for about a century. Garner states (1).^ 

By 1876 about sixty towns in England had tried irrigation, and many 
schemes had proved failures both financially and otherwise, chiefly because 
there was a clashing of economic and sanitary interests, which are often 
diametrically opposed, frequently because the land was quite unsuitable 
for the purpose and rapidly clogged and became coated with a layer of 

i Figures in par^theses refer to bibli<^raphy at end of chapter. 
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putrefying filth, lii some cases, the sewage contained trade wastes, harmful 
to crops, and more often than not, the management was below standard. 

In the United States, the State Insane Asylum at Augusta, Me., 
irrigated hay fields and vegetable gardens with sewage prior to 1875. 
Among other early attempts at broad irrigation in this country may be 
mentioned the farm established at Lenox, Mass., in 1876, where both 
subsurface irrigation and broad irrigation were used, and the broad 
irrigation areas at the State Insane Asylums in Worcester, Mass., in 
1876, at Amherst, Mass., and at Pullman, III., in 1881. However, 
owing to the large tracts of land required, and also for aesthetic reasons, 
this method of treatment has never been widely adopted in the United 
States. 

With the development of arid and serniarid lands in the West, how¬ 
ever, there is an increasing tendency to apply settled and even more 
highly purified, in some cases disinfected, sewage to the land, for the 
watering of crops. In this connection Gillespie (2) has stated: 

« 

With the development of inland communities and the discouragement of 
stream pollution, land disposal is markedly incrersing. . . . Except in 
spots the development of revenue has been unsystematic and has not at all 
measured up to the possibilities in this regard. ... I look to see more high- 
grade treatment added as homes encroach and with them we shall see inten¬ 
sive cropping. 

Intermittent Filtration.—The treatment of sewage by intermittent 
sand filtration was a natural outgrowth of the disposal of sewage by 
irrigation. As such it was an attempt to intensify the activity of the 
foreps of purification operative in natural soils by more careful selection 
and preparation of the disposal areas and better supervision of their 
operation. The thought of agricultural utilization of the filtration areas 
was not immediately relinquished. Cultivation or cropping, however, 
was made secondary to the securing of adequate treatment. Ultimately 
it was abandoned entirely. Development of the process of intermittent 
filtration is associated with the work of Frankland for the Rivers 
Pollution Commission of Great Britain, reported in 1870, and with the 
early investigations of the Massachusetts State Board of Health at 
Lawrence, begun in 1887. 

Experiments by Frankland (3) led him to conclude that the filtration 
process was superior to irrigation and chemical processes in the removal 
of polluting organic matter in suspension. He attributed the changes 
in the sewage as it passed through the filter to chemical causes solely. 
The bacterial aspect of treatment^by filtration was first pointed out by 
Schloesing and Miintz in a report published in 1877. Subsequent 
investigations at the State Experiment Station in Lawrence, Mass., 
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reported in 1890) clearly demonstrated the biological nature of filtration 
and resulted in an improvement in the design of intermittent filters in 
the United States. Sand filtration on scientific lines has never been 
extensively employed in Great Britain, because of the scarcity of suitable 
material for filter beds. 

Intermittent filtration as developed in New England consists of 
applying crude or settled sewage evenly to the surface of prepared areas 
of sand or other fine material a few feet in depth, underdrained by lines 
of tile with open joints. During its passage through the bed, the sewage 
is purified as a result of the removal and changing of the organic matter 
into more stable substances, by physical and biological agencies in 
conjunction with atmospheric oxygen present in the interstices of the 
sand. The process derives its name in part from the necessity of inter¬ 
mittent application of the sewage, in order that the air required for 
the oxidation of the organic matter may enter the voids of the sand. 
Because of the favorable soil conditions, this process was adopted by 
many municipalities in New England. The area required is much less 
than for broad irrigation, but greater than for later types of filters. 
Owing to the large area required per capita and the cost of operation, 
this method is adopted now only by small municipalities where condi¬ 
tions are favorable. 

Sedimentation.—The partial clarification of sewage and trade wastes 
by plain sedimentation was an early development in sewage treatment, 
provided to reduce objectionable conditions along polluted streams. 
The results were often unsatisfactory, doubtless due in some cases to 
negligence in removing from the tanks the settled solid matter, which 
gradually occupied so much room that the sewage passed quickly 
through with little opportunity for sedimentation. In suitably 
designed and operated tanks a substantial proportion of the suspended 
solids in sewage can be removed by plain sedimentation. With the 
development of mechanical equipment now commonly employed to 
facilitate the removal of sludge either continuously or intermittently, 
as desired, without interruption of the sedimentation process, the use of 
sedimentation tanks as a means of partial treatment of sewage has 
increased. Such tanks are used quite generally as preliminary or final 
units preceding or following other methods of sewage treatment. 

Chemical Precipitation.—Chemical precipitation was a well-estab¬ 
lished method of sewage treatment in Great Britain in 1870. Many 
patented processes had been devised, beginning with one proposed in 
1762 by de Boisseau. Lime was used as a precipitant in most cases, 
sometimes alone, but more often in combination with chloride of lime, 
chloride of magnesiuin, sulfate of alumina, phosphate of alumina, green 
copperas, black-ash waste, charcoal, herring brine, or any one of many 
other substances, Occasionally several substances were used in order 
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to obtain special results. This was the case with the A.B.C. process, 
patented in 1868, which was strongly advocated because its sludge would 
have unusual merits as a fertilizer, owing to the use in it of alum, blood, 
charcoal and clay. Ferrozone was brought out as a precipitant and was 
used somewhat. The effluent from sedimentation aided by ferrozone 
was sometimes filtered through a patented material called ^'polarite/' 
An artificial material called alumino-ferric, of low price, gradually won 
its way into considerable favor in England, on account of the ease with 
which it can be used in treating sewage of fluctuating quantity and 
quality. 

The first chemical precipitation plant in the United States was placed 
in operation at Coney Island, N. Y., about 1887, to be followed in 1888 
by a plant at East Orange, N. J., and in 1890 by a plant at Worcester, 
Mass. The existence of the Worcester treatment plant led to an 
investigation of the nature and results of chemical precipitation by the 
Massachusetts State Board of Health, reviewed in their report in 1890, 
which had much influence in checking a contemporary tendency toward 
overestimating the degree of purification which this process was capable 
of producing. Owing to the incomplete purification secured, the high 
cost of operation and the difficulty of disposing of the large volume of 
sludge produced, the use of the older iflethods of chemical precipitation 
as a means for treating ordinary municipal sewage has been curtailed, 
although these methods are still used in some industrial-wastes treatment 
plants. 

A revival of interest in the chemical precipitation of sewage has 
recently been in evidence. Numerous experiments have been carried 
on and several processes of sewage treatment, all emplo3dng chemical 
precipitation, have been given prominence in the technical press. In 
1932 a sewage treatment plant using a chemical process developed by 
Laughliii was put into operation at Dearborn, Mich. Here the sub¬ 
stances added to the screened sewage have varied from time to time but, 
in general, they have been pulped waste paper, lime and ferric chloride. 

Sedimentation and Digestion of Solids in Septic Tanks.—The cost 
and difficulty of satisfactory disposal of sludge from plain sedimentation 
tanks were so great that methods of reducing them were sought. This 
led to the development of septic tanks in which the sewage solids were 
retained in suqh manner as to foster the decomposition of the settled 
solids in the absence of oxygen. It was originally believed that nearly 
complete liquefaction of the suspended solids could be obtained in this 
maimer. Although a considerable portion of the organic matter was 
destroyed, the hopes for complete liquefaction proved unjustified and 
the system did not contribute much toward the solution of the sludge- 
disposal problem. Such tanks, unless covered, frequently are offensive 
to the sense of smell, the treated sewage is black and foul, and difficulties 
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in operation result from the accumulation of solids in the form of a 
floating mass of scum on the surface of the sewage. 

Similar tanks were first used in America at the State Insane Asylum 
at Worcester, Mass., in 187() and were later adopted at other places. 
An installation at Saratoga Springs, N. Y., in 1903, led to a lawsuit 
brought by the owners of certain septic-tank patents, which resulted 
in judgment for the plaintiffs. From the beginning of septic-tank- 
patent litigation, the consensus among American sanitary engineers 
has been that the patents covered principles and practices which had 
been known and publicly used for a long time. The litigation served 
to prevent in the United States the development of as favorable an 
opinion of septic tanks as existed in Great Britain. 

Sedimentation and Digestion of Solids in Imhoff Tanks.—The opera¬ 
tion of septic tanks has usually given considerable cause for dissatisfac¬ 
tion. The idea of separating the sedimentation process from that of 
digesting the sludge—in order to avoid the objectionable features of 
septic tanks while taking advantage of the desirable ones—was first 
expressed in the 1899 report of the Lawrence Experiment Station. 
Travis of Hampton, England, during 1904, devised a two-story, so-called 
hydrolytic, or septic tank, having an upper sedimentation chamber with 
steeply sloping bottom terminatTng in slots, through which the deposited 
solids passed into a lower or sludge-digestion chamber. Through this 
latter chamber a predetermined part of the sewage was allowed to flow, 
for the purpose of seeding and maintaining bacterial life in the sludge 
and carrying away products of decomposition. 

The Travis design was not widely adopted. A modification in the 
design was developed by Imhoff and was widely adopted in Germany 
and, on the initiative of Hering, in the United States. In the Imhoff 
design there is no provision for sewage flow through the sludge-digestion 
compartment, although experience has demonstrated that there is an 
interchange of liquids between compartments, owing to differences in 
temperature and other causes. The solids drop through a slot in the 
bottom of the sedimentation chamber into the sludge chamber below. 
This slot is constructed in such a fashion that no gases can escape 
through it from the sludge-digestion chamber into the compartment 
through which the sewage is flowing. The sludge is allowed to remain 
in the digestion chamber until a large part of the organic matter has 
been gasifled or liquefied. When in suitable condition for removal, it is 
run on to sludge beds. After draining and drying there for a number 
of days, it is in a condition resembling humus and may be deposited 
without offense on dumps or on agricultural land for utilization as a 
low-grade fertilizer. 

The earliest plant of this type in America was that built at Madison- 
Chatham, N. J., in 1911, and the first large Imhoff tanks were con- 
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structed at Atlanta, Ga., in 1912. Since then there have been many 
important installations, among them those at Chicago Ill., Fitchburg, 
Mass., Trenton, N. J., Rochester, N. Y., Akron, Cleveland and Dayton, 
Ohio, and Allentown and Philadelphia, Pa. 

In some places difficulties have been experienced, owing to unfavorable 
sludge digestion, foaming, or excessive scum formation. Some measure 
of control to ensure favorable digestion has been secured by regulating 
the reaction, pH, of the sludge and scum. 

Imhoff tanks have ordinarily proved to be much more satisfactory 
than septic tanks and, where Imhoff tanks have been designed appro¬ 
priately and operated suitably, they have been satisfactory in general, 
although for one reason or another in a few cases they have not behaved 
as desired. For new plants at present, 1935, Imhoff tanks are in com- 
jjetition with plain sedimentation and separate sludge-digestion tanks, 
in conformity with the suggestion of the Massachusetts State Board 
of Health of 1899. 

^ Digestion of Solids in Separate Tanks.—Although the idea of carrying 
on sedimentation of sewage and digestion of sludge in different tanks 
appears to have originated at the Lawrence Experiment Station, some 
precedent was provided by the sludge lagoons in Esseu, Germany, as 
early as 1891. Other early tank installations were made at Birmingham, 
England, and Baltimore, Md., in 1912. Failure to appreciate the 
importance of seeding, reaction and temperature was largely responsible 
for the difficulties experienced with early separate digestion tanks and 
retarded their development. Research at various places since 1925 and 
the operation of plants since 1929 have emphasized the importance of 
these factors and have contributed to a rapid increase in the number 
of separate digestion tanks constructed in this country. 

Sludge from primary sedimentation tanks is digested in separate- 
tanks, notably at Erie, Pa., Grand Rapids, Mich., Toledo, Ohio, and 
Kitchener, Out. Separate tanks are employed for the digestion of 
primary sludge plus excess activated sludge at a large number of plants, 
including Peoria and Springfield, Ill., the Easterly plant at Cleveland, 
as well as Elyria and Lima, Ohio, the North Toronto plant at Toronto, 
Ont., and Lancaster, Pa. 

Mechanical equipment has been provided to facilitate the withdrawal 
of sludge and the breaking-up of scum and to afford slight stirring action. 
Among the tanks so equipped are those at Erie, Grand Rapids, Peoria 
and Toledo. Floating covers are provided at the Easterly plant in 
Cleveland and at Elyria and Springfield. 

In all these recent installations provision is made for collection and 
utilization, usually for heating pulpovses, of the gases evolved during 
digestion. At Charlotte, N. C., Rockville Center, N. Y., and Spring- 
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field, Ill., gas collected from aludge-digeetion tanks is used as fuel in 
gas engines driving air compressors. 

At Lancaster, Pa., and at Peoria and Springfield, 111., circular tanks 
without roofs are provided for the storage of digested sludge during 
times when dewatering of the sludge on sand beds is affected by adverse 
climatic conditions. 

Treatment in Contact Beds and Trickling Filters. —From 1860 to 
1880 great advances were made in bacteriology. Pasteur discovered 
that some bacteria, which he called aerobic, could live and exercise 
their functions only when air was present; that others, called anaerobic, 
could operate only where all oxygen was absent; and that a third class, 
called facultative, could operate under either aerobic or anaerobic 
conditions, although not always with equal vigor. The aerobic and 
facultative bacteria are of many kinds and accomplish different results. 

These discoveries led to a better understanding of sewage-treatment 
processes and to experiments from which contact beds and trickling 
filters developed. The experiments at the Lawrence Experiment Station 
with intermittent filtration were conducted with various grades of 
material ranging from fine sand to coarse gravel. In the latter case, 
the liquid passed rapidly through the large pores without being purified. 
In England, where land was not suitable for intermittent filtration, 
renewed attempts were made to filter sewage with coarse material such 
as stone, gravel, ballast, coke and clinker. 

To overcome the too rapid passage of sewage through the coarser 
materials, Dibdin (1) modified the usual procedure of allowing the 
sewage to pass through the filter continuously, by placing the material in 
a watertight tank and allowing the sewage to fill the tank, afterward 
holding it in contact with the filter for some time, in order to allow 
the oxygen in the pores and the bacteria coating the media,to oxidize the 
organic matter. Next, the liquid was drawn off from the bottom of the 
filter and the latter was allowed to stand empty of sewage but charged 
with air. Dibdin’s modification of the intermittent-sand-filter process 
gave rise to the contact-bed’’ system.^ 

Comparatively few contact beds serving more than 10,000 persons 
have been built in America, and several of those have now been replaced 
by other forms of treatment. This was due to the almost coincident 
development of trickling filters, which are superior to contact beds in 
some respects, chief among them being the much larger volume of 
sewage which can be treated on a unit area of trickling filter. 

Clark and Cage (4) report as follows: 


i Among the earliest platietj in the United States to install contact beds were the 01en» 
view Qolf Club, near Chicago, in 1899, and Depew, N. Y., and Qlencoe, Ill., in 1901. A 
list of the sewage-treatment plants in the United States at the beginning of 1902 was pub^ 
lished In Eng, Vcics/Apr. 3, 1902. 
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Sewage was filtered intermittently through gravel stones at the Lawrence 
Experiment »Station during 1888, 1889 and 1890. Filters were constructed 
of stones, so large that even the coarser suspended particles of the sewage 
were not removed; y(*t the slow movement of the sewage in thin films over 
the surface of the stones, with air in contact, caused a removal for some 
months of 92 j^er cent of the organic nitrogenous matter as well as 99 per 
cent of the bacteria. These filters were the forerunners of the modem trick¬ 
ling filters. Early in 1891, a gravel filter was operated at a rate of 220,000 
gal. per acre daily, the sewage being applied in sixty or seventy doses per 
day. Good nitrification results were obtained. 

In 1893 and 1894 C'orbett (5) developed more efficient means for 
distribution of the sewage by revolving pii)es and sprays and succeeded 
in securing excellent results at comparatively high rates of flow. 

From these experiments was evolved the trickling filter, which is 
primarily a bed of stone or other coarse filtering medium several feet 
deep laid on a system of uuderdrains. Settled sewage is applied inter¬ 
mittently, at short intervals, to the surface of the filter in the form of fine 
drops, by using symmetrically spaced spray nozzles or other devices. 
Comparatively few mechanical distributors, such as are commonly used 
in England, have been utilized in America. As the sewage is sprayed 
through the air and passes through the porous bed, atmospheric oxygen 
is absorbed and is utilized in the biological oxidation and mineralization 
of the organic matter. The effluent is usually settled in order to remove 
humus-like solids which, from time to time, escape from the filter and 
thus prevent it from becoming clogged. 

The first municipal filter of this type to be put in service in America 
was that at Reading, Pa., in 1908. At present, trickling filters preceded 
by Imhoff tanks constitute one of the most common types of treatment 
ill use in America. 

Among the installations of trickling filters may be mentioned those 
at San Bernardino, Cal., Aurora, Bloomington and Decatur, 111., 
Baltimore, Md., Fitchburg and Worcester, Mass., Springfield, Mo., 
Akron, Canton and Cleveland (Southerly plant), Ohio, Allentown and 
Philadelphia, Pa., and Madison, Wis. 

Activated-sludge Treatment.—The aeration of .sewage in tanks, to 
hasten oxidation of the organic matter, \vas investigated in England as 
early as 1882 by Dr. Angus Smith, who reported on it to the I.<ocal 
Government Board. It was studied subsequently by a number of 
investigators, and in 1910 Black and Phelps reported that a considerable 
reduction in putrescibility could be secured by forcing air into sewage in 
basins. Following this, experiments by Clark and Gage (6) at the 
Lawrence Experiment Station, conducted during 1912 and 1913 on 
sewage in bottles and in tanks partially filled with roofing slate, spaced 
about 1 in. apart, showed that in aerated sewage growths of organisms 
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could be cultivated which would jijrcatly increase the degree of purilica- 
tion obtained. 

The results of the work at Lawrence were so striking that a knowledge 
of them led Fowler to suggest experiments along similar lines at Man¬ 
chester, England, where Ardern and Lockett carried out valuable 
researches upon this subject. During the course of their experiments 
Ardern and Lockett found that the sludge played an important part 
in the results obtained by aeration, as announced in their paper of May 3, 
1914, before the Manchester Section of the Society of Chemical Industry. 
At the outset it was necessary to aerate the sewage samples continuously 
for five weeks before complete nitrification was obtained. By repeatedly 
drawing off the clarified sewage and adding fresh raw sewage to the old 
sludge left in the experimental tank, the time for oxidation, however, 
was reduced to 24 hr. and eventually to a few hours only. The sludge 
accumulating in this manner and inducing such active nitrification was 
called ^‘activated sludge.'^ Hatton at Milwaukee, Sands at Houston, 
Frank at Baltimore, and others finally showed that the process could be 
operated on a practical, continuous basis by running sewage through 
aeration tanks, the activated sludge being mingled with the entering 
sewage and later separated from it after its passage through the tanks. 
More recent developments in the activated-sludge process have dealt 
with the perfection of the control of aeration and the introduction of 
mechanical devices for aerating the sewage in place of compressed air. 
This variation of the process is called bio-aeration.'^ 

Many sewage-treatment plants employing the activated-sludge 
process have been constructed, including those at Pasadena, Cal., 
Chicago, Peoria and Springfield, Ill., Indianapolis, Ind., Charlotte, 
N, C., Lima, Ohio, Toronto, Ont., Lancaster, Pa., Houston and San 
Antonio, Tex., and Milwaukee, Wis. Large plants are under construc¬ 
tion at Cleveland and New York. 

In suits at Chicago and Milwaukee the P^nited States courts recently 
have upheld the validity of certain patents on the activated-sludge 
process, held by Activated Sludge, Inc. 

Closely related to the activated-sludge process and originating from 
the same early investigations, but differing in many respects from the 
process as now employed, is contact aeration," developed by Buswell, 
Bach and Imhoff in 1925 and 1926. In this process aerated contact 
surfaces for the support of growths of organisms are provided in the 
flowing-through chamber of single- or two-story tanks. These growths 
and surfaces appear in some measure to take the place of the activated 
sludge in suspension in aeration tanks. 

Treatment by Racks, Grit Chambers and Screens. —In order to protect 
pumps and other mechanical equipment from clogging and injury aiid 
to simplify and improve the efficiency of various processes of treatment, 
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it has become general practice to provide i^reliminary treatment for 
the removal of trash, mineral matter and the coarser suspended organic 
substances. Provision also has been made in some plants for the 
removal of floating oil and grease, either in separate, aerated skimming 
chambers, as at Springfield, Ill., in skimming-detritus tanks, as at 
Akron, Ohio, or from the surface of preliminary sedimentation tanks, 
as at Peoria, Ill. 

Cage racks for the interception of trash were constructed in the main 
drainage pumping station in Boston and first operated in 1884. Grit 
chambers for the removal of the heavier mineral solids were built at 
Worcester in 1904. Stationary bar racks, manually and mechanically 
raked, have been in use for a long time, but only during the last 15 or 
20 years has there been a marked development in fine, moving screens, 
cleaned by brushing or flushing. The first of these in America was the 
Weand screen built at Reading, Pa., in 1908. This was followed by the 
Riensch-Wurl screens at Rochester, N, Y., in 1916 and later by others, 
such as the Dorrco, Rex and liink-Belt screens in various places. Dur¬ 
ing %he past few years such screens have been used for treating sewage 
preparatory to more complete treatment by other processes and for 
removing the larger and more easily visible floating and suspended 
matter where more complete treatment is not necessary. 

Treatment and Disposal of Sludge.—One of the troublesome features 
of sewage treatment has been the problem of disposal of the solids 
removed by screening or by sedimentation. In general, screenings 
have been used for filling low land. Recently provision has been 
made for their incineration, as at Long Beach, Cal., Dayton and Lima, 
Ohio, Allentown, Erie and Lancaster, Pa., and Milwaukee, Wis. Partial 
dewatering by pressing, as at Dayton, or in centrifuges, as at Milwaukee, 
is sometimes practiced prior to incineration. 

Sludge from primary sedimentation tanks is generally offensive in 
character and difficult to dewater satisfactorily on beds of sand or 
similar material. At Syracuse, N. Y., the sludge from primary-sedi¬ 
mentation tanks is disposed of by pumping into industrial-waste 
lagoons of the Solvay Process Co. The sludge from the primary- 
sedimentation tanks of the Passaic Valley Sewerage Commission is dis¬ 
charged into barges and towed to a disposal area at sea, where it is 
dumped. 

Sludge from the direct-oxidation process at Winston-Salem, N. C., 
is dewatered by mechanical filters and disposed of to farmers for use as 
fertilizer. At Dearborn, Mich., sludge from the chemical-precipitation 
process is dewatered by mechanical filters and has been disposed of on 
land, but recently provision has been made for incinerating it. 

In the case of undigested activated sludge, the proportion of fertilizing 
ingredients, particularly nitrogenous compounds, is materially greater 
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than in sludges from other processes and therefore the opportunity for 
its profitable utilization as a fertilizer has seemed somewhat attractive. 
At Milwaukee, Wis., a large plant has been built for dewatering and 
drying activated sludge, thus converting it into a marketable fertilizer 
which is being sold under the name of '^Milorganite.^^ Similar plants 
on a smaller scale have been built at Houston, Tex., Indianapolis, Ind., 
and Pasadena, Cal. At Charlotte and High Point, N. C., the excess 
activated sludge is dewatered by mechanical filters and spread on 
agricultural land. At Tenafly, N. J., the excess activated sludge is 
dewatered on sand beds and disposed of by filling low land. 

The digestion of sludge in septic, Imhoff and separate tanks has been 
described. Well-digested sludge is inoffensive and, in many cases, 
drains and drys readily on beds of sand or similar material. Extensive 
areas of sand beds for sludge dewatering have been provided at Chicago, 
Decatur and Peoria, Ill., Baltimore, Md., Flint, Mich., Rochester and 
Schenectady, N. Y., Akron, Ohio, Allentown, Erie, Lancaster and 
Philadelphia, Pa., and many other places. As rain and freezing weather 
interfere with sludge drying in the open, beds have been built with 
glass covers, like greenhouse structures, notably at Alliance, Cleveland, 
Dayton, Lima and Marion, Ohio, and Toronto, Ont. Imhoff-tank 
sludge from the covered drying beds at Dayton is reported to have been 
further reduced in moisture content by heat drying and sold for fertilizer 
at a substantial price. Similar air-dried sludge has been sold to farmers 
for fertilizer at Marion, Rochester and Schenectady. At Canton, Ohio, 
wet digested sludge is spread upon land for fertilizing purposes. In a 
few instances digested sludge has been discharged into rivers in fiood 
or into lake waters. 

Experiments upon the mechanical dewatering of digested sludge after 
suitable preliminary treatment and conditioning have been so successful 
as to warrant the recommendation of this method of sludge treatment 
for several large plants. Mechanical dewatering is not affected by 
climatic conditions and with it a substantial saving in the cost of sludge- 
storage facilities required in conjunction with drying beds should be 
possible. The dewatered sludge cake may be disposed of either to 
farmers for use as fertilizer or for filling waste land. An installation for 
the spray-drying of sludge has been made at Plainfield, N. J. 

The incineration of sludge after dewatering by mechanical filters 
and heat drying has been studied on a large scale by the Sanitary 
District of Chicago. As a result, incineration has been adopted in the 
plan for sludge disposal at the Calumet plant now under construction. 

Chlorination. —Disinfection of sewage and sewage effluents has been 
developed for the protection of public water supplies, bathing beaches 
and shellfish areas. The first plant for this purpose was at Brewster, 
N. Y., on the Croton watershed, where an electrolytic plant for the 
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production of chlorine from salt solution was built in 1892. The 
economical and practical utilization of chlorine, chiefly in the form of 
chloride of lime, as a disinfectant of sewage was demonstrated by 
Phelps (7) at Boston, Mass., Red Bank, N. J., and Baltimore, Md., in 
1906 and 1907. Liquid chlorine is now generally used for the disinfec¬ 
tion of sewage and sewage effluents, for the purposes mentioned above. 

(flilorination has also been employed for controlling odors at treat¬ 
ment works, for combating filter flies and for relief of filter clogging. 
Experiments indicate that chlorination will effect an apparent reduction 
in the biochemical oxygen demand of sewage amounting to at least 
2 parts per million for each part of chlorine absorbed. Chlorination sup¬ 
plements sedimentation during low-stream flows at Chapel Hill, N. C. 

Present Status of Sewage Disposal in the United States.--In the 
United States the extent of sewage treatment in 1930 by cities having a 
poj)ulation of more than 100,000 is indicated in Table 1. 

Table 1. —Extent of Sewa'je Treatment in 1930 by Cities in the 
Uniteo States Havino v Population in Excess of 100,000 



Popiila- 

Percent- 

Trc‘:itni(‘nt provided 

tion 

served 

age of 
total 

Dilution alone.1 

16 . 900.000 

46.4 

Fine screening, dilution. 

8 , 500,000 

23.3 

Sedinientution, dilution. 

5 . 700.000 

15.6 

Filtration, dilution. 

2 . 500,000 

6.9 

Activated-sludge process, dilution... 

2 . 600.000 

7.1 

Total with ultimate dilution. 

36 . 200.000 

99.3 

Irrigation. 

250,000 

0 7 

Total. 

j 36 . 450,000 

100.0 


This table show's that with a total population in large cities of 36,450,- 
000, the sewage from 16,900,000 persons, or more than 45 per cent, is dis- 
IK)sed of by dilution alone and that 25,400,000 })ersons dispose of their 
sewage with no more treatment than is provided by fine screens. Com¬ 
plete treatment, including some form of oxidation process, is provided 
for the sewage of only 14 per cent of the total population of these cities. 

Of these populations, it is estimated that 14,200,000 depend ulti¬ 
mately upon the dilution afforded in rivers, 17,000,000 in ocean waters 
and 5,000,000 in lake waters.^ 

There is a marked tendency toward the installation of mechanically 
equipped, plain sedimentation tanks and separate tanks for sludge 

' For tabulation giving summary data for nearly all sewage treatment 
works in the United States, see Efig, News-Rec.j 1935; 116 , 224 . 
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digestion. The activated-sludge plants constructed in recent years 
have outnumbered the installations of trickling filters. 

The recent developments in the application of chemical precipitation 
as a method of treatment are still in the experimental stage. Their 
status cannot bejestablished until adequate data have been accumulated 
relative to the efficiency and operating cost of the several processes from 
the operation of plants of substantial size, which have been treating 
reasonably normal sewage. 

Sewage disposal in the United States has made great strides during the 
past 20 years. Considerable credit for this advance must be given to 
the various agencies sponsoring investigational work and to the experi¬ 
menters themselves. The researches at the Lawrence Experiment 
Station have furnished valuable information. Particularly noteworthy 
is the work of Rudolfs and his collaborators at the New Jersey Agricul¬ 
tural p]xperiment Station, of Fair and others under sponsorship of the 
Rockefeller Foundation at Harvard University, and of Bus well and those 
associated with him at the Engineering Exi)eriment Station of the 
University of Illinois. The development of various means of treating 
sewage has been aided materially by investigations at Chicago, Mil¬ 
waukee, Houston, Indianapolis and several other places. The investiga¬ 
tional work still being carried on, particularly at Chicago, will 
undoubtedly result in the development of improvements in the 
activated-sludge process and reduction in its operating costs. 

With the development of the various methods of sewage treatment and 
the adoption of combinations of them in the design and construction of 
treatment plants, the operation of such plants has become more and 
more complicated, necessitating the employment of skilled personnel in 
order to be successful. In this country the recent trend has been toward 
the installation of mechanical equipment in order to reduce the hand 
labor necessary for maintaining and operating various treatment units. 
There has been an increasing inclination also to replace biological 
processes, in part, at least, with chemical and mechanical ones, as 
evidenced by the numerous experiments with chemical precipitation and 
the plants at Chicago and Dearborn for the mechanical dewatering, 
drying and incineration of undigested sludge. The trend seems to be 
toward the use of mechanical filters instead of drying beds for dewatering 
digested sludge, particularly in large plants. 

Sewage Disposal in England. —Sewage treatment in England differs 
somewhat from either American or German practice. The problem in 
England is often a matter of building over, relieving or adding to existing 
works. It may happen, therefore, that the sewage at one plant may 
be treated by both broad irrigation and the activated-sludge process. 
Sedimentation tanks may be employed to relieve sewage farms, as has 
been done at Nottingham, and partial activated-sludge treatment may 



imVEWPMENT OF ^EWAVE TREATMENT AND DISPOSAL 15 

he provided to reduce the organic load of the sewage and permit greater 
rates of application to trickling filters, as at Birmingham. 

Racks are commonly employed. Recently the tendency has been 
to install coarse racks at the influent end of the plant and then, either 
preceding or following detritus tanks, to provide mechanically raked, 
fine racks of K-in. clear spacing. Fine screens have not been widely 
adopted. 

Practice in the design of grit chambers, according to Martin (8), is 
governed'by the requirements of the Ministry of Health that there shall 
be two or more detritus tanks below the rack chamber and that the 
capacity of each tank shall be 1 per cent of the daily dry-weather flow. 
The detention period on this basis is 14.4 min. at the average rate of 
dry-weather flow, as compared with the American practice of one minute 
or less. In the larger plants grit is commonly removed from the tanks 
by traveling grab dredges and is disposed of on land. 

Stand-by tanks for the treatment of storm flows in excess of three 
times the average dry-weather flow are commonly employed. The 
practice is largely governed by recommendations of the Royal Commis¬ 
sion on Sewage Disposal (9): 

That special stand-by tanks should be provided at the works and kept 
empty for the purpose of receiving the excess of storm water. 

That any overflow at the works should be made from these special tanks 
and that their overflow should be arranged so that it will not come into 
operation until the tanks are full. 

In regard to the capacity of stand-by tanks, the Commission thought 
that tanks capable of holding a quarter of the mean daily dry-weather 
flow usually would be sufficient. 

Sedimentation tanks are used, both with and without chemical 
treatment, to reduce the load on subsequent treatment units. Mechani¬ 
cal equipment to facilitate sludge removal is Jiot so commonly used as 
in America. Practically the only Imhoff-tank plant in England is a 
small installation at Manchester, built-in 1924. According to White¬ 
head and O^Shaughnessy (10), the septic tank is still considered 
advantageous for small installations. Chemical precipitation is not 
employed extensively, except for the use of acids to “crack” industrial 
soaps. Chemicals, however, such as chloride of lime and chlorine, are 
being utilized for the prevention of objectionable conditions. 

Trickling filters have been widely adopted in England, the common 
method of applying sewage to the filters being by revolving or traveling 
distributors. 

Many plants have been built employing the activated-sludge process. 
Mechanical aerators are more commonly used than in America, partic¬ 
ularly the Simplex type, as developed by Bolton. The mechanical 
paddle-wheel agitators, as developed by Haworth, have found some use. 
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The diffused-air system of aeration also is commonly employed. Pres¬ 
ent practice in new installations appears to favor the activated-sludge 
process over trickling filters. While Leicester, and Bradford have 
recently installed large areas of trickling filters, the majority of the new 
installations have been of the activated-sludge type, notably the 
Mogden works in Middlesex, the Wood End works at Burnley, and the 
plants at Exeter and Dagenham. 

Separate sludge digestion is practiced on a large scale at Bath and 
Birmingham. In the Saltley works at Birmingham, gas is collected under 
floating concrete covers and utilized in engines having a total rating of 
950 brake hp. Waste heat from the engines is used to heat the diges¬ 
tion tanks. At Manchester, separate digestion tanks are heated by 
means of the gas collected. The separate digestion process has been 
adopted for Burnley, Dagenham and the large Middlesex County 
project, which serves a population of 1,000,000. 

Sludge is commonly disposed of on land, except where it is practicable 
to barge it to sea. Lagooning and drying on beds of slag are among the 
common methods of preliminary treatment of sludge prior to ultimate 
disposal on land. 

Sewage Disposal in Germany. —Imholf (11) has summarized German 
practice in sewage disposal up to the end of 1932 and the following 
description has been prepared from his summary. Almost all munici¬ 
palities in Germany are equipped with sewage-treatment plants. 

Screening plants, installed in 59 large and medium-size towns, treat 
sewage from a total of 5,500,000 persons. New screening plants are 
built infrequently, as they accomplish little in comparison to their cost. 

Grit chambers are provided in nearly all sewage-treatment plants to 
which storm water gains access. They are constructed and operated 
to yield clean grit as far as possible, by control of velocity, by air agita¬ 
tion or by washing. 

Septic tanks preceding bacterial beds have been established in 25 towns 
serving a population of 400,000. Some 1,500,000 inhabitants of 
Germany are served by small septic tanks for individual houses. 

Two-story sedimentation and sludge-digestion tanks of the Imhoff 
type have been adopted in 240 towns to serve a population of 5,500,000. 
Plain sedimentation with separate sludge digestion has been adopted in 
70 places with a population of 2,000,000. The sedimentation tanks are 
mostly of the hopper-bottom or Dortmund type. More recently, tanks 
equipped with special sludge scrapers of many types have been favored, 
especially at the larger works. New installations, particularly in large 
towns, are being furnished with separate digestion tanks, because it is not 
practicable to heat two-story tanks. The temperature of separate tanks 
is maintained at 70 to SO^’F. In large digestion tanks provision is 
generally made for gas collection. 
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The sewage from 45 towns with a population of 6,500,000 is treated on 
sewage farms. The degree of purification is good, although most irriga¬ 
tion farms are overloaded and in many places complaints of odor are 
common. In many towns works are being constructed to give prelim¬ 
inary treatment and to relieve the irrigation areas. 

Trickling filters have been adopted by 90 towns with a population of 

I , 300,000. The effluents are good in some cases but in others complaints 
with regard to objectionable odors and flies are being made. Contact 
beds, which are used in 17 towns and serve 200,000 persons, are no 
longer being installed. 

Plants of the activated-sludge type are in use in 13 towns with a total 
population of 900,000. In most cases compressed air is used for aera¬ 
tion, either alone or in combination with mechanical equipment. The 
excess activated sludge is usually pumped back to the preliminary 
sedimentation tanks for digestion with the primary sludge. 

As a final stage in the tre atment process fish ponds are used in 12 
Closes, serving a population of 1,000,000. The effluents are excellent in 
character and the area required is not more than 10 per cent of that 
required for sewage farms dealing with the same quantity of sewage. 

Im[)ounding reservoirs have been constructed in the Ruhr district 
with the object of improving polluted river water by storage. They 
(contribute as much to the purification of the Ruhr river water as the 
70 sewage-treatment plants within the area. 

Sludge is commonly dried on land. Mechanical sludge filters and 
other methods of artificially drying sludge are awakening interest. 
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CHAPTER II 


GENERAL CONSIDERATIONS IN TREATMENT AND DISPOSAL 

OF SEWAGE 

American practice in sewage treatment has been determined by public 
opinion and the development of science. Considerations of the 
public health had some influence in the earlier periods, but in later times 
public comfort has come to be the more potent incentive, except where 
protection of municipal water supplies has been paramount. The in¬ 
crease in outdoor recreation has recently focused attention upon the value 
of clean streams, lakes and tidal waters, with the result that a better 
control of their pollution has been forced upon the offending communities 
and industries. This tendency has resulted in the passage of state laws 
and judicial action under the common law in an effort to compel a more 
cleanly practice in disposing of sewage and industrial wastes. While the 
treatment of these liquids requires large capital and annual expenditures, 
the effect of these financial considerations generally is in the direction 
of delay rather than ultimate neglect to provide treatment. 

Reasons for Sewage Treatment and Controlled Disposal.—Streams, 
lakes and tidal estuaries into which sewage is discharged are limited in 
the pollviional load they are able to receive without giving rise to objec¬ 
tionable conditions, just as artificial treatment plants are limited in 
the quantities of sewage they can handle effectively. The limiting loads 
depend upon the physical, chemical and biological conditions of the 
waters into which the sewage is discharged, conditions whose relative 
importance is being determined by studies of the so-called self-puriffca- 
tion or natural purification of streams and bodies of water. In addition, 
however, sewage disposal by dilution is circumscribed by the wide use of 
water courses for purposes other than the reception, transmission and 
ultimate disposal of sewage. Lakes and streams are employed as 
sources of water supply for household and factory; they, as well as coastal 
waters, are centers of recreation in the form of boating, bathing and 
fishing; like the fields, they yield their crop of foodstuffs to support 
useful animal life, such as fish, mollusks and crustaceans; finally they 
serve as waterways of commerce and for power development. The 
disposal of sewage by discharge into natural waters, therefore, must be 
studied with regard to the varied purposes they may have to serve. 
Thus sewage treatment prior to disposal may become necessary not only 
to prevent the. waters from'being Overworked as natural purifying 
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agencies, but also to permit their economic employment for other 
essential purposes. 

Prior to 1890, little attention was given to objectionable conditions 
produced by the discharge of sewage into American rivers. With the 
subsequent rapid growth of cities and industries and consequent increase 
in water requirements as well as in sewage pollution, there has been a 
grooving tendency toward greater restriction upon the discharge of 
untreated sewage into bodies of water and toward raising the degree 
of purification required of treatment plants. While there is little doubt 
that in certain cases progress in these directions has ex(;eeded logical 
needs, it is true that over the greater part of the country the requiro- 
nients arc not sufficiently exacting. More care in disposing of sewage 
will be necessary in the future, if the water resources are to be conserved 
for develo])ment for the greatest good. It is desirable, therefore, when 
adopting a plan for the treatment and disposal of sewage, to select such 
means as meet the needs of Ihe prci^ent and near future and are capable 
((f development to satisfy more exacting requirements of the future. 

The discharge of sewage into natural waters is subject to the following 
considerations of hygiene, aesthetics, economics and law: 

I. Hygienic considerations 

A. CVnitainination^ of 

1. Private and public water supplies 

2. Natural ice 

3. Shellfish 

4. Waters at bathing beaches 

B. Pollution* resulting in 

1. Offensive conditions affecting the public comfort or health 

2 . Impairment of recreational facilities 

II. A(\sthetic considerations, creation of conditions offensive to 

A. The eye 

B. The sense of smell 

III. Economic considerations, damage to 

A. Industrial water supplies 

1 In 1917 the American Public Health Asaociation de6ned contamination of water as the 
introduction into it of bacteria or other substances that tend to render it unsuitable for 
domestic use. The degree of contamination may increase from merely nominal, according 
to the quantity and nature of the contaminating substances, until it reaches a maximum, 
when the water is ^iM^uitable for domestic consumption in its present condition and cannot be 
made so by practicable metlu>ds of treatment. Pollution of water is defined as the intro¬ 
duction into it of substances of such character and in such quantity as to render the body 
of water objectionable in appearance or to cause it to give off objectionable odors. The 
degree of pollution may increase from merely nominal, when a water has just reached a 
degree of contamination which renders it unfit for use, or for preparation for use, as a 
domestic supply, until it becomes obvioua>ly filthy and offensive. It is not possible to 
define, according t o contents lis determined by analysis, the line on the one side of which a 
water may be said to be contaminated and on the other polluted, and local conditions will 
have an effect in determining whether a water should be designated as contaminated or 
polluted. 
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B. Livestock 

C. Fish and other useful aquatic life 

D. Property, with resulting depreciation of values 

E. Private and public river and harbor improvements and navigation, 
such as silting due to sludge deposits. 

IV. Legal considerations, interference with the rights of riparian owners. 

Sewage and Disease. —Sewage may contain the organisms of any of 
the infectious diseases of man in which the causative organism passes out 
of his body with his wastes. Most important of these diseases are 
the so-called gastrointestinal infections, notably typhoid fever, dysen¬ 
tery, the diarrheas and, in oriental countries, cholera. Persons suffer¬ 
ing from these diseases and so-called chronic carriers, f.e., persons 
who carry the disease germs in their bodies—sometimes for life— 
but themselves are immune, discharge enormous numbers of patho¬ 
genic organisms through their stools or urine. Sewage contamination 
of water supplies, bathing waters and shellfish beds, therefore, may 
result in epidemics of typhoid fever or other intestinal diseases. From 
the hygienic standpoint, the fate of pathogenic organisms in sewage is 
the most important problem in sewage disposal. It is assumed, there¬ 
fore, for the sake of safety, that germs of disease are always present in 
sewage. 

Fortunately pathogenic bacteria die away rapidly in sewage and 
sewage-contaminated water. Accustomed to the abundant food supply 
and the favorable environment of the human body, they cannot survive 
for a long time in sewage. The forces active in their destruction are 
many. Being attached to suspended matter, some are removed from 
the sewage by sedimentation; others are ingested by predatory protozoa 
and other animals. They are more quickly destroyed in sewage than 
in clean water, where such animals are less abundant. Lack of suitable 
food for the bacteria causes a gradual disintegration of their cells and, as 
cell activity is greater at higher temperatures, survival is of less duration 
in warm sewage than in cold water. Cleaner water, however, permits 
farther penetration of the sun^s rays, the ultraviolet portion of which 
tends to bring about disinfection. Owing to factors such as these, 
pathogenic organisms die away, the various forces combining to reduce 
their numbers rather rapidly. The death rate under a given set of 
conditions is fairly constant and the number destroyed in a unit of time 
is, therefore, proportional to the number surviving. The longer the 
time, the fewer survive. 

Sewage Treatment and Water Purification. —In the early develop¬ 
ment of sewage and water purification it was only natural for differences of 
opinion to arise concerning the treatment of sewage prior to its discharge 
into bodies of water from which municipal water supplies were drawn. 
Health officers were inclined to insist that the sewage should be rendered 
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substantially innocuous before its discharge into 'such waters, on the 
ground that any less thorough treatment would endanger the health 
of consumers of the water. On the other hand, many engineers believed 
that such requirements were too severe in most cases, because the 
destruction of bacteria necessitated thorough treatment, which was 
expensive and took no advantage of the beneficial effect of dilution of 
the sewage. Furthermore, the water was liable to contamination by 
the rain water running off cultivated lands and by tin? sewage from 
hamlets and isolated farms and the water could be rendered safe for 
drinking purposes by purification. The general answer made to this 
was that the constantly efficient operation of water-purification works was 
rarely attained, except in large plants, and that tlie correct procedure 
was to require both sewage treatment and water purification. 

The tendency in these discussions has been to base broad general 
arguments on rather limited data. The differences in local conditions 
render such arguments of linle value as a guide for the policy any city 
f^iould adopt. At Columbus, Ohio, for instance, the object of the con¬ 
struction of sewage-treatment works was to prevent offensive river 
conditions within the city limits. The destruction of disease germs was 
unimportant. The sewage-treatment works of Worcester, Mass., were 
built to prevent offensive conditions in the Blackstone River, which was 
so polluted by industrial wastes and sewage from other communities 
that it was everywhere unsuitable for domestic water suppl 3 ^ At 
Fitchburg, Mass., elaborate treatment works have been constructed 
for reasons similar to those that governed the C-olumbus case. Such 
conditions are different from those arising wiien sew^age is discharged into 
a stream or lake from which drinking water is obtained wdthin such a 
distance from the sewer outlet that its contamination is probable unless 
careful treatment of the selvage is employed to reduce the number of 
pathogenic bacteria. 

The consensus has come to be that protection of the public health 
is secured more economically and effectively by purification of the 
water than by treatment of the sew\agc prior to its discharge into the 
watercourse. There are limits to the degree of contamination of ttie 
water supply beyond which it is unsafe to load a water-purification plant. 
Sewage treatment should be supplied to reduce the burden of con*^ 
taraination to that which can be handled with safety by the water- 
purification plant. 

The desirable degree of treatment of sewage which must be discharged 
into a body of water constituting the source of a municipal water supply 
depends upon a number of considerations. Where the water supply 
is taken from a small stream or where a larger river is entirely diverted 
for purposes of water supply, the treatment generally must be relatively 
complete, unless the volume of sewage be small in relation to the size 
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of the stream. In such cases the treatment must generally include 
thorough oxidation of the organic matter and chlorination of the effluent. 
At Barrington, N. J., for example, the sewage is treated by screening, 
sedimentation, activated sludge, rapid sand filtration and chlorination, 
prior to discharge into a small stream which contains little pollution. 

In cases where the sewage is discharged into large rivers or lakes from 
which the water supply is taken at a considerable distance from the 
point of such discharge, the degree of treatment may be considerably 
less, and where such rivers as the Ohio and Mississippi are under con¬ 
sideration, it may not be necessary to treat the sewage in any manner. 
For example, Cincinnati and Louisville take their raw water from the 
Ohio River, notwithstanding that the sewage from several large cities 
and many smaller ones is discharged without treatment into the river 
at upstream points. In all such cases, however, care must be exercised 
to prevent such contamination as will place too serious a burden upon 
the water-purification plant. 

Sewage and Offensive Conditions.—If not suitably disposed of, 
sewage has always been the cause of annoyance. That created by over¬ 
flowing cesspools and neglected privy vaults may be eliminated by 
provision of a suitably designed and operated sewerage system, but this 
system must discharge somewhere, so that the appropriate disposal of 
the sewage ultimately must be provided for. 

The natural purifying agencies employed in disposal by dilution in 
watercourses or by broad irrigation on land have limitations. If these 
natural purifying agencies are overloaded, offensive conditions will result. 

In 1924 the Massachusetts Department of Public Health, in reporting 
upon sewerage and sewage disposal for cities and towns in the Merrimack 
River Valley, described conditions in one section of the river as 
follows: 

Observations of the flow of the river and movement of the tides in the 
stretch of the river below a point about two miles above the Haverhill 
bridge show that on the flood tide water flows upstream past the city of 
Haverhill to a point some two miles or more above Haverhill bridge, thus 
carrying some of the pollution discharged at Haverhill upstream to meet 
that from Lawrence and Lowell, while on the outgoing tide the polluted 
waters are not carried far enough downstream to prevent their return on 
the following flood. The result of this condition is that the sewage and 
pollution matter discharged into the river are not carried quickly away, but 
there is a tendency to concentration in the neighborhood of Haverhill and 
for several miles below. The condition of the river in this part of its course, 
as shown by the investigation of the past year, is very objectionable. The 
bottom and banks of the stream are covered with foul organic matter and 
the o<lor is offensive, especially in warm weather when a considerable portion 
of the river bed is exposed at low tide. The numerous pleasure boats in 
this part of the river are badly fouled by the water, while floating on the 
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surface of the river itself during the past year were masses of sludge carried 
up front the bottom by decomposition. 

Conditions in the vicinity of New York City are described by Donald¬ 
son (1) as follows: 

Unfortunately the population adjacent to the water front has grown 
much faster than the provision for adequately caring for the sewage of these 
communities. This has resulted in many instances in local nuisances and 
actual danger to the health of those patronizing the beaches. This state¬ 
ment applies to portions of the shores of northern New Jersey, Staten Island, 
the westerly end of Long Island and Long Island Sound. 

Sewage treatment may be provided to relieve natural purifying 
agencies of an overburden and thus avoid offensive conditions. 

In the selection of the type of sewage treatment, consideration must 
be given not only to the degree of treatment required but to the charac¬ 
ter and limitations of the treatment-plant site. Some methods of 
treatment are more likely to produce offensive odors than others and 
care must be exercised to prevent the creation of offensive conditions 
at the treatment plant while attempting to eliminate them at some other 
Ijoint. The gases ^fom sludge dryers at Pasadena and Milwaukee have 
been odorous and have been noticeable over large areas. Odors from 
sludge lagooned at Houston were so objectionable that another method 
of sludge disposal was required. The moth fly prevalent about trickling 
filters may cause complaint at some locations. Odors from septic 
sewage, exposed to the air in open tanks or sprinkled onto trickling 
filters, from screenings and sludge dumps and from other sources about 
the treatment plant must be guarded against. 

Legal Aspects of Sewage Disposal.—The pollution of water has given 
rise to considerable litigation. In the case of unnavigable running 
streams, the law as interpreted in most states is based on the old com¬ 
mon law principles that every riparian owner is entitled to have the 
waters of the stream reach his property in their natural condition 
except for reasonable use of them by upper riparian owners, and that 
every riparian owner is entitled to make such reasonable use of the water 
flowing past his property as he sees fit. Certain states' in the semiarid 
regions have abrogated the doctrine of riparian rights and substituted 
the doctrine of prior appropriation, under which an appropriator may 
take an amount of water necessary for his purpose when used in an 
economical manner, whenever such amount of water exists in a stream 
over and above the rights superior to his, and may continue such diver¬ 
sion and use as long as needed. Such an appropriator must take water 
in the condition in which it existed at the time of the inception of his 
right, but he is entitled to have the water maintained in such condition 

1 Ariiona, Colorado, Idaho, Nevada, New Mexico, Utah and Wyoming. 
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as long as he uses it, and any increase in pollution may be enjoined. 

Under the common law the water rights of a riparian owner depend 
upon the interpretation of the meaning of a reasonableuse of the 
water. For many years the courts have been engaged in settling suits 
involving that question, and today it is established in many states 
that a riparian owner can use the water freely for watering stock, house¬ 
hold purposes and irrigation of land, provided these uses make no appreci¬ 
able reduction in the volume of the stream and result in no material 
pollution of its water. It is evident, however, that what might be con¬ 
sidered reasonable use of the stream for fishing, drainage of farm lands, 
removal of sawmill refuse and other purposes in sparsely settled regions 
would be prejudicial to public welfare in more populous districts. 
Hence the courts have adopted no rigid rules for interpreting the law 
but have decided what was reasonable upon the merits of each case. 

The principles of the common law are applied also to the waters of 
privately owmed, natural ponds. If there arc several owners, each has 
the same rights as the others, just as though the pond were a stream 
and the owner a riparian owner. 

The invasion of public and private rights in ponds and non-navigable 
streams by turning the contents of sewers into thq^ is not due to the 
collection of storm water in drains and sewers and its discharge into the 
natural drainage courses of the catchment areas. Storm water, even 
though increased in volume by a reduction in the area of permeable 
ground and changed in character by the inclusion of street refuse, is 
legitimately discharged into the streams naturally carrying away the 
run off of the valley but, according to Montgomery and Phelps (2), such 
discharge may not legally cause the capacity of the stream to be exceeded 
so as to overflow to the injury of a lower riparian proprietor. 

Where the public health is endangered, the common law, which is 
concerned with property rights, is often supplemented by statutes, as 
the extent to which the former will apply to infractions of sanitary 
principles is uncertain. In some states the statutes are passed directly by 
the legislatures, while in others commissions are clothed with power to 
make regulations which become, for all practical purposes, the same as 
statutes. 

Regarding the rights and duties of municipal corporations in {Stream 
pollution, Goodell (3) reached substantially the following conclusions. 
Considered as corporations, municipalities have only such rights and 
powers as are conferred on them by statute, either expressly or by neces¬ 
sary implication. When, under due authority, they become the owners 
of lakes, reservoirs and natural streams, they have the same rights to 
pure water and are charged with the same duties as other riparian pro¬ 
prietors. If authorized to construct sewerage systems draining into 
streams, such authority generally does not exempt them from the duty 
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not to pollute the stream to the detriment of lower proprietors. The 
common-law water rights of property owners cannot be taken from them 
for public use except upon payment of an amount determined by con¬ 
demnation proceedings authorized by statute. Until municipal corpora¬ 
tions have acquired by such proceedings the rights of all lower proprie¬ 
tors and paid for them, they are required to refrain from the pollution 
of streams, to the same extent as private owners. 

The Problem of Industrial Wastes.—Stream pollution by industrial 
wastes has assumed increasing importance during the last fifty years, 
coincident with rapid industrial development. Conditions vary greatly, 
owing to diversity in volume and quality of wastes and to differences in 
relative volumes of available diluting water. 

The effect of many wastes upon waters into which they are discharged 
is similar to that of sewage, causing discoloration, turbidity, stimulation 
of fungal and algal growths, depletion of dissolved oxygen, extermination 
of fish life, putrefaction accompanied by objectionable odors, and 
deposits affecting navigation. 

Unlike sewage, certain industrial wastes contain constituents suffici¬ 
ently toxic directly to destroy fish life, while others, like acid mine waters, 
phenol wastes from gas plants and saline wastes from salt works and oil 
wells, render purification of waters to make them suitable for domestic 
use difficult and in some cases impracticable. Most wastes, if dis¬ 
charged into bodies of water subsequently Uvsed for water supply, tend 
to increase the burden placed on plants for the purification of water 
for domestic uses. 

In many places industrial wastes discharged into municipal sewers 
have an important effect upon the volume and quality of the sewage 
and therefore upon the type and size of treatment plant w'hich the 
municipality is required to build. Generally the cost of such a plant 
will be considerably greater than one for treating the sewage without 
the wastes and occasionally the quantity and volume of wastes are 
such as to make suitable treatment of the sewage impracticable or 
prohibitively expensive. 

The magnitude of the problem of industrial wastes disposal is realized 
by few engineers, manufacturers and legislators. There are many 
single industrial plants the polluting properties of whose wastes are 
equivalent to those of the domestic sewage from a city of 100,000 per¬ 
sons, and some of the wastes are far more expensive to treat than the 
sewage from an equivalent population. It is, therefore, of the utmost 
importance that stream pollution laws be administered with due regard 
for the '^rule of reason,’’ that treatment be regulated according to the 
actual needs in each case, and that treatment plants be designed and 
operated with a keen appreciation of cost on the one hand and the accom¬ 
plishment of the requisite results on the other. 
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Agencies for Control of Stream Pollution. —In most states stream 
pollution is regulated to some extent by state boards of health or other 
similar bodies, which exercise a limited degree of control over the 
discharge of sewage and industrial wastes into streams and lakes within 
their respective borders. Their power consists commonly of authority 
to review plans of sewerage systems and sewage-disposal projects, 
which municipalities or industries propose to construct, as well as 
authority to recommend the building of such works when the necessity 
has been shown. As a result of the fact that these boards are largely 
without power to enforce recommendations, they cannot abate pollu¬ 
tion any more rapidly than public opinion dictates. 

In recent years certain local and national associations have been 
active in molding public opinion toward maintaining the purity of 
streams through the treatment of sewage and industrial wastes before 
disp^Jsal into inland waters. As an example of such organizations may 
be mentioned the Izaak Walton League, a national association of sports¬ 
men, who are interested in preventing pollution which may be detrimen¬ 
tal to aquatic life. Through publications, meetings and correspondence, 
this organization has aroused public opinion and aided in the passage 
of laws to abate stream pollution. 

Until recently there has been no effective method of controlling the 
pollution of watercourses which lie within the boundaries of two or 
more states. In many cases the contamination of interstate streams is a 
serious problem, especially where such streams are used as sources of 
domestic water supply. The problem has been attacked in recent years 
by drawing up cooperative agreements between health departments 
of various states, for the purpose of conserving the purity of interstate 
streams and lakes. 

Such an agreement has been in force among states in the, Ohio River 
drainage area since 1924, when it was adopted particularly for the 
purpose of eliminating the discharge of phenolic wastes into the river 
and its tributaries. Phenolic substances, even when present in minute 
quantities, impart to water a taste and odor that may be decidedly 
objectionable. In the Ohio River basin the original problem was the 
control of discharges from by-product-coke plants. The results 
obtained under the Ohio River Basin Interstate Stream Conservation 
Agreement have demonstrated the usefulness and wisdom of this 
plan, which forms the basis of cooperation between states and with 
the industrial interests of these states, without detracting from legal 
means for compelling action which may be warranted in certain cases. 
A similar plan for abating the pollution of the Great Lakes has recently 
been adopted by the state health departments in that drainage 
basin and is known as the Great Lakes Drainage Basin Sanitation 
Agreement. 
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Sewage Disposal and the Sewerage Plan. —The selection of the best 
method of treating the sewage of a community depends not only on 
the requirements arising from the characteristics of the water into 
which the effluent will be discharged, but also on the practicability of 
obtaining sites for the plants required by different suitable plans and 
the relative costs of constructing arid operating these plants. In a 
large city two or more treatment plants may be more advantageous 
than one. Pratt recommended three plants for Cleveland in 1915, 
although their cost and that of the necessary sewers to serve them were 
about the same as that of the original plan which contt'rnplated one 
outlet. At present one plant has grit chambers, Imhoff tanks and 
trickling filters; another has grit chambers, Imhoff tanks and disinfecting 
apparatus, and the third has grit chambers and disinfecting apparatus.^ 
This arrangement permits the treatment of the sewage while it is in a 
relatively fresh condition, thus reducing the danger of disseminating 
objectionable odors. 

In studying such problems, dilution as a means of treatment and 
disposal should be considered. The joint trunk sewers serving niany 
of the cities and towns about Boston, Mass., and Newark, N. J., are 
examples of works constructed cooj)eratively, whiLh relieve inland 
communities of treatment problems that would be quite serious in 
some cases. At Los Angeles, after an unsuccessful experience with 
sewage irrigation, it was considered best to construct an outfall sewer, 
12.4 miles long, to the ocean. 

Cost of Sewage Treatment. —In compiling figures for judging the 
relative merits of different methods of treatment, the cost of one or 
more pumping stations, a trunk or intercepting sewer to convey sewage 
to the plant, and an outfall sewer from the plant to the point of dis¬ 
charge must be considered a part of the total expense, and sometimes 
these items are a large part of the entire amount. Operating, main¬ 
tenance, interest and amortization charges on such structures must be 
combined with similar charges on the treatment plant in order to reach 
a true estimate of the annual cost of the method of treatment. 

It is obvious upon reflection that the cost of treating and disposing 
of sewage will vary according to local conditions which influence cost 
in many ways, including the determination of the necessary degree of 
purification. 

A rough approximation of the costs of construction and operation of 
different types of treatment plants, based on their designed capacity, 
is given in Table 2. 

A substantial amount of construction of intercepting sewers or 
extensions of trunk or outfall sewers may be required to intercept the 

* An activatedHsiudge plant with preliminary sedimentation had been constructed but 
not completely equipped in 1934, at the site of the third plant. 
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sewage and deliver it to the treatment plant. The costs involved vary 
widely with local conditions but in many cases may range between S5 
and SI5 per capita. 


Table 2.—Approximate per Capita Costs of Construction and 
Operation of Various Types of Sewage-treatment Plants, 
Based on Designed Capacity 


Typo of plant 

! 

Cost of 
construction 

Annual cost 
of operation 

Fine screening. 

$2.5()-$10.00 

$0.20-$0.40 

Sedimentation and sludge digestion. 

Sedimentation, sludge digestion and trick¬ 

5.00- 10.00 

0.20- 0.40 

ling filter treatment. 

Si'dimentation, sludge digestion and acti¬ 

9.00- 16.00 

0.30- 0.66 

vated-sludge treatment. 

6.00- 25.00 

0.60- 1.20 


Economic Utilization of Sewage or By-products of Sewage Treatment. 

The utilization of the fertilizing or irrigating value of sewage for the 
raising of crops is not economically feasible in this country, except 
possibly in isolated cases in the semiarid regions of the Southw'est. 

The possibility of jirecipitating sewage solids and separating the 
grease, thereby producing a nearly greaselcss fertilizer and recovering the 
grease, has been studied but has never been developed on a profitable 
working scale. With present prices of grease and fertilizer there is 
little probability of realizing a profit from the by-products of such a 
process. 

Many attempts have been made to sell dried sludge as a fertilizer 
in Europe, probably the most successful being that at Glasgow, Scotland, 
where all the sludge produced at the Dalinarnock works is'sold in the 
form of pressed-cake or dried fertilizer. This commercial success was 
ascribed by the Royal Commission on Sewage Disposal to careful busi¬ 
ness organization and judicious advertising; the commission estimated 
that the sales of sludge decreased the net cost of sewage treatment 
about 80 cents a mil. gal. Investigations of the practicability of drying 
sludge from the older treatment processes to form a fertilizer base have 
been discouraging in the United States, but since the advent of the 
activated-sludge process, there has been a somewhat brighter prospect 
for utilizing the solids removed from sewages at the large treatment 
plants. 

The preparation of fertilizer from activated sludge is a manufacturing 
process having a number of stages which probably can be conducted 
profitably only on a large scale, if at all. In addition to this production 
aspect of the work, there is a business side involving the sale of the 
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product at the highest possible price and the management of the entire 
enterprise in an efficient and economical manner. Whether it is 
desirable for a municipality to embark upon such a business venture 
will depend upon local conditions. Unless the enterprise is handled 
efficiently, there are possibilities of grave financial troubles. The 
overhead exi^ense in any case is likely to be large and the proportionate 
cost of operating a small sludge-fertilizer plant will probably be much 
greater than for large plants. 

Excess activated sludge is dewatered, dried and sold as a fertilizer or 
fertilizer base at several plants, notably at Milwaukee and Pasadena. 
The Milwaukee production was about 100 tons a day in 1930. The cost 
of operating and maintaining the sludge disposal plant about equaled 
the net return from the sale of sludge. Interest and depreciation must 
be charged to the cost of sewage disposal, which includes the cost of 
operating the sewage-treating units of the plant and the fixed charges. 
At the present state of the art there does not seem to be any way in 
which the sludge can be sold for more than enough to pay operating 
and maintenance ( barges upon the sludge dewatering, drying and 
handling plant. 

Value of Experimentation.—The great advances in sewage treatment 
which have been made since the growth of cities and industries forced 
attention to this problem upon engineers are associated, apart from 
laboratory research, with the studies at experimental plants of large 
communities. These were undertaken chiefly in order to select the most 
economical method of treatment under the local conditions. Particu¬ 
larly noteworthy in this country are the studies made at Baltimore, 
Chicago, Cleveland, Milwaukee, New Haven, Philadelphia and Worces¬ 
ter. There can be no doubt that these studies resulted in savings which 
justified their cost, while advancing at the same time the art of sewage 
treatment and disposal. 

In spite of the progress made in this field during the past 60 years, 
sewage treatment remains a young art. The developments of science 
are so rapid and far reaching and local conditions are so varied that 
new methods or combinations of methods will continue to be brought 
to light. 
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CHAPTER III 


CHARACTERISTICS AND BEHAVIOR OF SEWAGE 

Sewage possesses properties that render it both offensive and danger¬ 
ous. Design and operation of sewage-treatment works and control 
of the pollution of water courses into which sewage is discharged pre¬ 
suppose a thorough appreciation of the physical, chemical and bio¬ 
logical characteristics and behavior of sewage and sewage matters. 

General Characteristics of Sewage. —In appearance, sewage resembles 
dirty dish water or bath water, largely owing to the soaps it contains, 
to which has been added such floating matter as fecal solids, bits of 
paper, matches, grease and oils, vegetable and animal refuse and fruit 
skins. These visible solids give rise to an exaggerated idea of the solid 
matter conveyed in the sewage. The organic and mineral matter con¬ 
stitute about 0.1 per cent of the sewage. In other words, it is mostly 
water, about 99.9 per cent. It is the organic portion of the relatively 
small quantity of solids that gives to sewage its offensive characteristics 
and makes its disposal a problem of far-reaching importance. 

Physically^ sewage contains matter in suspension and matter in 
solution. Of the suspended solids, some will settle when the transport¬ 
ing power of the water is decreased by a reduction in its velocity and 
some will remain in suspension even during protracted periods of 
quiescence. The quantity of material carried can be realized from 
computations of the bulk of the substances, other than water, discharged 
through sewerage systems. In 1910 the Metropolitan Sewerage Com¬ 
mission of New York, for example, estimated that the city’s sewage 
contained, on a dry basis, per thousand population annually, 14 tons of 
feces, 8 tons of toilet paper and newspaper, 11 tons of soap and washings, 
8 tons of street wastes, and 4 tons of miscellaneous substances; a total of 
45 tons (1). 

Chemicallyf sewage contains substances of animal, vegetable and 
mineral origin. The animal and vegetable substances, called collectively 
organic matter^ are in large part offensive in character or behavior. 
They constitute about 50 per cent of the sewage solids and are made up 
of complex chemical substances which are readily broken down by 
biological and, to a lesser degree, chemical action into other, usually 
simpler, compounds. 

Biologically, sewage contains vast numbers of living organisms among 
which the bacteria predominate. One gallon of sewage may harbor from 
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20 to 250 billion bacteria. Most of these organisms are harmless to 
man and are largely engaged in the beneficent activity of converting the 
complex organic constituents of sewage into simpler, more stable, organic 
and mineral compounds. Sewage, however, may contain bacteria or 
other organisms that have come from persons sick with typhoid fever, 
dysentery or other so-called water-borne diseases. Some disease- 
producing, or pathogenic, organisms are commonly present and it is 
these that constitute the real danger of sewage to the public health. 

Concentration, Composition and Condition of Sewage. -Phelps (2) 
has pointed out that there are three distinct general characteristics of 
sewage concerning which anal 3 rticai data may be acquired, viz.^ con¬ 
centration, composition and condition. These are physical, chemical 
and biological, respectively, in their manifestations and depend upon the 
quantity, nature and freshness of the sewage matter. 

Concentration is a term commonly used to designate the proportion of 
sewage matter to water. A s^^rong or concentrated sewage contains a 
relatively larger proportion of sewage matter, while a weak or dilute 
sewage contains a relifcively smaller one. Strong sewage may be made 
weak by the addition of water, but this does not change the relative 
proportions of the constituents. Weak sewage may be made stronger 
only by the addition of certain substances, for example, by the admission 
of stronger industrial wastes to a sewage that is normally dilute. There 
is no recognized standard by which a sewage may be classed as strong or 
weak. Judgment of this matter is principally based upon the content of 
organic matter, the organic nitrogen, carbon and fats, quantity as well as 
kind of organic matter being given consider^ion. Mineral matter is of 
less consequence in determining the strength of sewage. 

Composition is the chemical characteristic of sewage and has to do with 
the solid material, its various constituents, their quantities and their 
relations apart from the degree of concentration. Composition must be 
determined before concentration can be judged. If the quantities of 
(jertain constituents are high as compared with average experience, the 
sewage is called strong, if low the sewage is called weak. A sewage 
containing tannery wastes may be high in fatty substances, one contain¬ 
ing waters from iron works may be high in iron sulfate and sulfuric acid. 

Condition is a characteristic that is governed by the changes that have 
taken place in sewage during its time of passage through the sewerage 
system. Condition is not a function of time alone. In addition to the 
time element, or age, there are to be considered the temiperature of the 
sewage, the number and kind of microorganisms present, the degree of 
mechanical abrasion that breaks up solid matters, the opportunity for 
absorption of oxygen and the effect of germicidal substances. The 
longer the sewage flowp or stands and the higher the temperature, the 
more are its constituents changed; fecal matter and other suspended 
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solids are oomminuted; bacterial acti\aty in the absence of inhibiting 
agents increases enormously and assists in the breaking down of complex 
organic compounds; the oxygen originally present in the water is 
reduced and may even disappear, so that the sewage passes from its 
fresh condition, becomes stale in the absence of oxygen and finally 
septic. 


SEWAGE ANALYSIS 

Sewage analysis is not a thoroughly standardized procedure. With 
the publication of Standard Methods of Water and Sewage Analysis” 
and the subsequent revisions by the American Public Health Associa¬ 
tion, much was accomplished in this direction. These methods have 
been adopted quite generally by sewage works laboratories in the United 
States, but procedures are not uniform even in laboratories that make 
full use of the methods. There are two reasons for this condition. 
In the first place, “Standard Methods” in some instances does not 
recommend a single procedure for a given determination. A choice is 
sometimes allowed. Ammonia nitrogen, for example, may be deter¬ 
mined either by direct nesslerization or by distillation, and biochemical 
oxygen demand may be determined by the dilution method or the 
sodium nitrate method. The different procedures do not always give 
equivalent values. Secondly, there is the question of a choice of deter¬ 
minations. One set of tests answers the purposes of one works or 
laboratory but not necessarily those of another. A study of nitrification 
may be thought of paramount importance at one works. At another 
it may be that the removal *of solids or the oxygen demand is the subject 
for chief consideration. 

Analytical data lose some of their value because tests and procedures 
are not uniform. Under such circumstances it becomps difficult or 
impossible to compare accomplishments in one place with those in 
another, a fact that militates against the advance of the science and art 
of sewage disposal and sewage treatment. Further progress in the 
direction of standardization can be made with this advance in view 
and without seriously imperiling individual initiative and research or 
the usefulness of data within the works producing them. 

Scope of Sewage Analysis.—Sewage analysis deals with a liquid that is 
highly complex in the nature and number of its constituents and one that 
is greatly variable in its concentration and composition. The kinds 
of matter contributed to the sewers change from time to time and there 
are fluctuating increments of surface, ground and storm waters. 

In general, a sewage analysis is designed to give information upon the 
presence, quantities and properties of sewage matters. More specif¬ 
ically, it may be intenXled to throw light upon the condition of the sewage 
or efBuent, upon the degree of purification to which it has been subjected, 
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or upon the probable effects when it is discharged into a stream or other 
body of water. To these ends the laboratory analysis may comprehend 
the results of many separate determinations, that in one way or another 
measure or reflect the physical, chemical and biological qualities of 
the sewage. In some cases, as for instance in certain studies of sewage- 
treatment processes, a few determinations may sufl^ce to give the 
required information. For routine purposes in treatment plants 
Wagenhals, Theriault and Hommon (3) recommended as a minimum a 
very small number of tests. 

Practically the aim of all methods of sewage treatment is the oxidation of 
the soluble or colloidal portion and the removal of the suspended or readily 
settleable portion as an inoffensive or even marketable sludge. The aim of 
sewage amdysis, therefore, should be to determine both the degree to which 
the removal of suspended matt<*r has been effected and the state of oxidation 
of the soluble portion which is to be discharged into a stream. . . . These 
two tests, the oxygen demand aiui the suspended matter, seem to be capable 
of furnishing about all the analytical data that are required for the proper 
operation of the ordinary sewage treatment plant, and are suggested as an 
irreducible minimum of laboratory work. At activated-sludge planta the 
settleable solids and the ammonia nitrogen should be determined in addition. 
Other tests are of value as additional circumstantial evidence. . . . 

It must not be inferred from the foregoing that sewage analysis is 
concerned only with a narrow field of tests. Where experimental and 
research work are involved, a wide range of determinations is available 
for use and this range is continually broadening, as the horizon of the 
sciences is pushed forward to make available new knowledge and new 
l)rocedures. The study of sewage problems stands in need of advances 
in the field of analysis. 

Outside the immediate scope of analysis, but closely concerned with it, 
is the task of collecting supplementary data that will make more useful 
the results of analysis. It is of the utmost importance, w'hen interpret¬ 
ing analj^ses of sewage, to procure as complete information as possible 
regarding conditions affecting the composition of the sewage. This will 
often lead to discarding analyses that otherwise would have been 
accepted. Sometimes such information renders the results of analyses 
of unexpected value. Engineers and chemists therefore should be 
careful, when i*eporting analyses, to give in detail all available data 
relating to the production, collection, sampling and analysis of sewage 
and effluents. 

Classification of Tests.—The examination of sewage is unlike the 
chemical analysis of many (jommon -substances, as, for example, that of 
ores and metals, in which the exact quantities of each constituent ele¬ 
ment or group of elements are determined. Sewage matter is too com¬ 
plex and varied to permit this by any available procedures, except in the 
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case of a few substances, such as chlorides, nitrogen, potassium and 
phosphorus, that may be determined directly. It is, therefore, neces¬ 
sary to depend largely upon tests that measure under the conditions of 
the test properties of the sewage matters rather than their exact constitu¬ 
tion. Thus, the determination of biochemical oxygen demand measures 
the power to absorb oxygen. Whipple (4) classes such tests, for pur¬ 
poses of sanitary water analysis, as indirect^ or inferential, in contrast 
to those having a direct bearing upon quality, and gives as further 
examples the determinations of oxygen consumed and albuminoid 
nitrogen. He states that 

they supposedly measure the organic matter present, but they do so 
imperfectly, inaccurately and only by inference. Neither test gives a true 
idea of the character of the organic matter. . . . The indirect tests owe their 
usefulness to their interpretative value. They are used to judge past, 
present and future conditions in the absence of suitable direct tests, or when 
direct tests need substantiating evidence. 

Because sewage is so complex and variable in quality, it is also neces¬ 
sary to employ a variety of more or less interrelated tests which may be 
interpreted together rather than separately. The variety and inter¬ 
relation of the tests commonly performed are best shown by grouping 
them in accordance with such a scheme as that shown in Table 3. This 


Table 3.—Approximate Classification of Tests Commonly Used in 
Sbwaoe Analysis 


Oases and 
volatile 
constituents 

Mineral and organic matter 

Living organisms 

Mineral 

Organic 

Mineral and 
organic 

Bacteria 

Plank¬ 

ton 

Odor 

Fixed solids: 

Volatile^ solids: 


At 20°C. 

Animal 


Total 

Total 

Total solids 

At 37°C. 

forms 

Dissolved oxygen 

Suspended 

Suspended 

Suspended 




Settling 

Settling 

Settling 

B. Cdi. 

Plant 


Non- 

Nonsettling 

Nonsettling 


forms 


settling 





Hydrogen sulfide 

Dissolved 

Dissolved 

Dissolved 




Ammonia^ N 

Organic N 





Nitrite N 

Albuminoid N 


• 



Nitrate N 

Oxygen consumed 





Chlorides 

Biochemical oxygen 





Alkalinity 

demand 

H ion con¬ 




Hardness 

Kelative stability 

centration 




Iron 

Ether-soluble 






matter 





^ Includes both orsftnic 'and inorKci<^i^c substances. 
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scheme takes into account the chemical or biological nature of the 
constituents or properties that are listed. 

An important test that is not incorporated in this schedule is the 
determination of temperature. The recording of temperature is impor¬ 
tant in modern sewage-treatment methods, because most of them are 
dependent upon biological activity which is stimulated or retarded in 
accordance with the prevailing temperature. Other tests, too, are not 
shown, such as those for sulfates, phenols, poisonous metals, or other 
substances that niay be significant under certain circumstances. 

A suitable choice of tests must be made, for obviously not all will be 
useful in every analysis. The choice depends upon the purpose of the 
analysis. Sometimes a single simple test may be all that is required; 
at other times the analysis must be quite complete. To tell what tests 
are necessary and sufficient, cal's for the exercise of good judgment. 

(Itherwise, there will be cither a wasteful expenditure of time and effort 
or the required data will not) e fortli(V)ming. The correct combination 
of*tests is a matter deserving of careful attention, for there are numerous 
supplementary relationships among them that give assistance to the 
analyst in his interpretation. 

Expression of Analytical Results.—^I^aboratory methods of expressing 
the results of analytical work will be found in Chaj). IX, The usual term 
is parts per million (p.p.m.), ordinarily equivalent to milligrams per 
liter. It is often desirable to convert this term to some equivalent, for 
the varying quantities of water in different sewages make it difficult to 
compare the average analysis of the sewage of one community, or even of 
one sewerage district, with that of another. If, however, in addition to 
accurate analyses the quantity of sewage and contributory population 
are known, it is possible to calculate the weight per capita of each chem¬ 
ical constituent and from such results reasonably accurate estimates of 
the composition of sewage of other similar places can be made. The 
accepted method of stating composition is then in terms of grams 
per capita daily. It should be noted, however, that ordinarily even 
by this method the prediction of the composition is uncertain, because 
of lack of accurate data. There is greater accuracy in predicting the 
character of sewage from a resid(;ntial city than from an industrial 
community, for in the latter the effect of industrial wastes is extremely 
difficult to estimate without studies in detail of the quantity and quality 
of such wastes. Another element of uncertainty is the influence of solids 
in water supplies and in ground water, for they may have an important 
influence upon the analyses of the sewage. 

Parts per million can be converted to grams per capita or the converse 
by means of the following formulas, in which .1 = parts per million 
of any constituent and C = U, S. or Imperial gallons or liters per capita 
daily: 
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For United States gallons: 

Grams per capita daily = 3.785AC/1000 
For Imperial gallons: 

Grams per capita daily = 4.543AC/1000 
For liters: 

Grams per capita daily = A (7/1000 

For a sewage flow of 100 gal. per capita daily 1 p.p.m. is equivalent to 
0.378 gm. per capita daily. 

For a sewage flow of 264.2 gal. per capita daily the number of parts 
per million is equivalent to grams per capita daily. 

Other methods of statement are sometimes found useful, such as 
pounds per capita daily, tons per 1000 population yearly and pounds 
per million gallons, or lb. per mil. gal. One gram per capita daily 
equals 0.00221 lb. per capita daily and 0.403 ton per 1000 population 
yearly. One part per million equals 83^ lb. per mil. gal. 

COMMON CONSTITUENTS AND PROPERTIES OF SEWAGE 

Solid Matters in Sewage.—It has been stated at the beginning of this 
chapter that sewage contains approximately 0.1 percent, i.c., 1 part in 
1000, of solid matters. These make up what is termed the total solids, 
or residue on evaporation. Part of the total solids in sewage comes from 
the water that is its principal constituent. This water is not necessarily 
representative in its solids content of the water supply of the community. 
The whole of the water supply does not reach the sewers. The portion 
that does is supplemented often by water furnished from private supplies 
and usually by ground water and storm water. If the community 
supply is low in solids and that from other sources is hard or highly 
mineralized, the latter will contribute a considerable proportion of the 
solids in the sewage. On the other hand, if the water from supple¬ 
mentary sources is low in residue, as is storm water, it will contribute 
to the sewage an insignificant proportion of its solid matter. 

Other solid matters are contributed by the soap, grease and food of 
kitchen wastes, by garbage that is sometimes thrown into water-closets, 
by laundry and bath waters, by wash water from other parts of house¬ 
holds, hotels, office buildings and institutions, and by drainage from 
stables and automobile washstands. Feces, urine and paper from 
water-closets add greatly to the content of solids. Industrial wastes 
may contribute even larger quantities. In combined systems, street 
washings and storm waters impose their load of solid matter on the 
sewage. Table 4 presents an estimate of the average (luantities of solid 
matters in sewage with respect to their origin. 

The quantities of solids in sewage depend, therefore, upon the charac¬ 
ter of the watenin the sewers, the habits of the population, the nature of 
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the industries and the use of a combined or separate system. As a 
result there is generally considerable variation in the quantity of solids 
in sewage of different cities, even when they have about the same 
population. 


Table 4.—Rough Estimate of Total Solids in the Several 
Constituents of Sewage 


Constituents 

Grams per capita 
daily 


Items 

Total 

Water supplies and ground water, assumed to be soft. 
Feces. 

12.7 

20.5 


Urine. 

4.3.3 


Toilet paper and newspaper, su-ipended. 

20.0 


Solids from sinks, l^aths, laundries and other sourccis 
of domestic wash vvaters. 

86.5 


Total for residential sewage from separate sewerage 
svstem. 

183.0 

Industrial wastes... 

200.0 

Total from industrial city with separate sewerage 
system. 

383.0 

8torm water. 

25.0 1 

Total from industrial city with combined sewerage 
system . 

408.0 




Suspended, Colloidal and Dissolved Matter.—On a physical basis 
there are three states in which solids mixed with water or with other 
liquids may manifest themselves, the suspended state, the colloidal state 
and the dissolved state. The solid matters of sewage are found in all 
three. The size of particles when placed in water will largely determine 
whether there will be obtained, according to the above classification, 
a suspension, a sol or a solution. The differences between these three 
are given below. Thus, the same substance in different degrees of 
fineness may give either a suspension or a sol. Coarse sand in water 
provides a suspension from which the sand soon settles out, while 
powdered sand gives a sol from which little material settles out after a 
considerable period of time. 

A suspension is a coarse mechanical mixture, the solid or semisolid 
parts of which can be separated from the liquid by the processes of 
sedimentation or filtration, that is, the solid material is so coarse that 
it readily separates by gravity. Suspensions are heterogeneous, non- 
homogencous, in their make-up. 
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The suspended matter of sewage is represented by grit and other 
detritus, such as paper, rags and heavy organic solids. Suspended 
matter varies greatly in size and specific gravity. Much of it is coarse, 
like fruit skins, matches, corks and paper. The finer portions are 
similar in nature to the coarser and come in part from their breaking 
up during passage through sewers, screens and pumps, and in part from 
disintegration of the larger masses by organisms and their enzymes. 
As a rule, the older the sewage, the more finely divided is the suspended 
matter. 

Some matters are thrown out of solution by chemical changes due to 
combinations of soaps, carbonic acid, ammonia and, where industrial 
wastes are discharged into the sewers, lime, iron salts and many other 
spent chemicals. 

A solution is defined by Buswell (5) as follows: 

True solutions of pure chemical substances are regarded as being com¬ 
posed of particles of \iniform composition and of the same general size as 
the molecules of the solvent and it is for such examples that the name 
‘solution^ should be reserved. 

They are relatively homogeneous in make-up, cannot be separated 
by mechanical means into their constituents and are clear when viewed 
by ordinary light. The solids contained in solutions are sometimes 
called crystalloids, because many of them crystallize readily. They 
also diffuse rapidly. 

Solids contained in solution in sewage are such substances as sodium 
chloride, the nitrates and the hardness constituents. 

A soZ, or colloidal solution, may be defined as a very fine subdivision 
of matter suspended in a liquid. The finely divided material is a 
colloid. This term, taken from the French word for glue, was first 
suggested by Graham, to distinguish certain amorphous substances of 
low diffusibility from those of marked diffusing power and crystallizing 
tendencies that were called crystalloids. 

Colloidal particles can be precipitated by acidification, by the addition 
of solutions of various salts or by the introduction of other colloidal 
mixtures, the last being illustrated by the precipitation of organic 
colloidal material by gelatinous mineral hydroxides, such as aluminum 
or iron hydroxide, an action utilized in the clarification of sewage by the 
method of chemical precipitation. Chemical changes like oxidation 
at times precipitate colloidal matter. Alkalies in general tend to increase 
the stability of sols. 

In the course of a long flow in sewers some coarse suspended matter 
disintegrates and is dispersed in a colloidal state. Conversely, contact 
in relatively quiescent condition with solid surfaces will throw matter 
out of the colloidal state Ji^o suspension. Thus colloidal matter is 
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removed from sewage by sand filtration and accumulates upon the filter¬ 
ing medium. 

Practically speaking, the term “colloids*’ is often used in the discus¬ 
sion of problems relating to sewage treatment to include both finely 
divided matter in suspension that will not settle readily in sedimentation 
tanks and iiiatter in true colloidal condition. Considerable importance 
attaches to these finely divided particles that do not settle. For the 
greater part they are highly putrescible and in their decomposition 
reduce available oxygen resources and produce bad odors. 

The colloidal matter in sewage is contributed by precipitated soaps, 
by portions of the fecal matter, by finely divided organic matter from 
the soil and from refuse, by grease and oil, by clay and fine sand particles 
and by industrial wastes. I'he last are often the source of large incre- 
•ments of colloidal material. 
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Fig. 1. “Physical condition of principal constituents of sewage of medium 
strength. (Numbers are parts i)er million.) 


The physical condition of the solids in sewage of medium strength, 
suspended, dissolved and colloidal, and the average quantities present 
in each condition are shown in Fig. 1. The terms suspended dind. filtrahle 
solids, as used, are based upon the separation obtained by means of 
filter paper. It will be noted that the colloidal solids are a portion of 
both the suspended and the filtrable solids. This is because some col¬ 
loidal particles are removed by filter paper while others pass through it. 
About 38 per cent of the total solids are removed by filter paper and 
are classed as suspended; the other 62 per cent pass through and con¬ 
stitute the filtrable solids. The colloidal solids make up about 25 per 
cent of the total. On the basis of 2 hours* sedimentation, the settling 
solids amount to approximately 19 per cent of the total. Solids in true 
solution constitute about 56 per cent of the total solids. 

Settling Solids. —The suspended matter of sewage is made up of 
solids in all degrees of fineness, from pieces of paper, rags and fecal 
matter to very fine colloidal particles. The great bulk of it, the coarser 
part, is capable of sedimentation and-goes to make up the sealing solids. 
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Settling solids are commonly understood to be the quantity of sludge 
or sediment that will be deposited from a given quantity of sewage in a 
certain interval of time. These solids are of importance, for they can 
cause deposits in slips, streams and other bodies of water into which 
sewage is discharged, there to reduce channel depths and to give rise 
to offensive conditions from putrefaction. They are caught on racks 
and screens, tend to clog filters, settle and are retained in sedimentation 
tanks. 


Table 5.—Suspended Solids in Chicago Sewage and Stock Yards 
Sewage Capable of Settling in Periods Stated' 




1 hr. ^ 

2 hr. 

4 hr. 

12 hr. 

No. 

Total SUSP. 









of 

solids, 

j 








tee In 

- J 

p.p.rn. 

P.p.in. 

Per 

cent 

1 

P.p.m. 

Per 

cent 

P.p.m. 

Per 

cent 

P.p.in. 

Per 

cent 


Total Hottling Holids 


Stock yards . 

3 

1620- 1930 



. 






Av. 

1775 

1508 

85 

1580 

89 

1697 

90 

16.33 

Stock yards. 

6 

760-1070 









Av. 

915 

t55() 

71 

686 

75 

706 

77 

714 

Stock yards. 

1 

560 

297 

53 

314 

56 

314 

56 

319 

39th St. 

3 

206-266 









.\v. 

236 

130 

55 

146 

62 

165 

70 

186 

39th St. 

5 

118-194 









Av. 

156 

70 

45 

84 

54 

98 

63 

109 

39th St. 

2 

68-76 

1 








Av. 

72 

17 1 

23 

22 

31 

31 

43 

42 


\'olatile settlinK solids 


! 

Stock yards. 

1 

1 

1 ! 

1 

1140 1 

889 

78 

935 

82 

980 

86 

1003 

88 

Stock yards. 

4 

620-840 










Av. 1 

730 

526 

72 

569 

78 

591 

81 

620 

85 

Stock yards . 

6 

420-560 










Av. 

490 

299 

61 

304 

62 

314 

64 

353 

72 

39th St. 

8 1 

84-127 1 










Av, 

106 1 

43 

41 

52 

49 

61 

58 

67 

63 

39th St. 

2 

6a-52 










Av. 

51 

-- , 1 

9 

18 

12 

24 

14 

27 

18 

35 


‘ From “ Report on Industrial Wastes from the Stock Yards and Packingtown in Chicago,” 
1914, by G. M. Wiener and Langdon Pearse. Tests made in can 2 ft. diameter and 9 ft. deep. 
Samples withdrawn from center of can 18 in. below surface of sewage. Can was filled from 
bottom to depth of 8 ft. 6 in. and allowed to stand quiescent for period stated. 

. The settling solids are made up of sand, grit, paper, rags, fruit skins, 
fecal matter and'other coarse organic detritus, together with some finer 
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))article8 that are carried down mechanically on the surfaces of the 
coarser material. Industrial wastes often add a heavy increment of 
settling solids, as do combinations of these wastes when mixed in the 
sewers or the treatment works. At Worcester, Mass., the mixture of 
iron pickling liquors and lime wastes forms large volumes of sludge that 
settle in the Imhoff tanks. The quantity of settling solids that will be 
deposited from a given sewage depends upon the time allowed for settling 
and the velocity of flow of the sewage. The longer the time and the 
lower the velocity, the greater will be the deposition of solids. It is 
generally the case, too, that the ratio of settling solids to total suspended 
solids increases with the strength of the sewage. This is shown by 
the figures given in Table 5. 

It is usual to consider the time for settling to be 2 hr and in the 
laboratory determination of settling solids this period is used more 
than any other, as ineiitioiu‘d in Chap. IV". In practice a period of 
2 hours’ detention of sewage in tanks throws down the bulk of settling 
solids without initiating putrefactive processes in the sewage. The 
velocity of flow through tanks designed to remove settling solids is low 
enough to permit subsidence of some fine particles. In the laboratory 
jierfect quiescence accompanies the determination of settling solids. 
This permits discrepancy between the results of laboratory and plant, 
the labijratory tests usually giving somewhat higher results than those 
attained in jiractice. The difference is due not only to the velocity 
maintained in tanks but also to wind action and to convection currents 
induced by temperature changes. 

Organic Matters in Sewage.—In a sewage of medium strength, as 
shown in Fig. 1, about 67 per cent of the suspended solids and 40 per 
cent of the filtrable solids are organic in nature. They arc derived from 
both the animal and plant kingdoms and represent a combination of the 
elements carbon, hydrogen and oxygen, together with nitrogen in some 
cases. Other important elements, such as sulfur, phosphorus and iron, 
may also be present. Both living and inert forms of matter go to make 
up this organic content. The principal groups of organic substances 
represented in sewage are the proteins, carbohydrates and fats and the 
products of their decomposition. All of these groups break down more 
or less readily thnuigh the activity of bacteria and other living organisms. 
Urea, the chief constituent of urine and another important organic 
compound that is contributed to sewage, decomposes so rapidly into 
ammonium carbonate that undecomposed urea is found in quantity only 
in very fresh sewage. 

Proteins are the principal constituents of the animal organism. They 
occur to a lesser extent also in plants.. All raw animal and plant food* 
stuffs contain proteins. The amount present varies from small per- 
centages in watery fruits, such as tomatoes, or the fatty tissues of meat 
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to quite high percentages in beans or lean meats (6). Proteins are 
complex in chemical structure and unstable, being subject to many forms 
of decomposition. Some are soluble in water, others insolifble. They 
all contain carbon, which is common to all organic substances, as well as 
hydrogen and oxygen. In addition they contain, as their distinguishing 
characteristic, a fairly high and constant proportion of nitrogen, about 
16 per cent. In many cases sulfur, phosphorus or iron is a constituent. 
Chemical analysis shows little difference in their percentage composition, 
as illustrated by three important proteins (7): 



Albumin 

Fibrin 

Casein 

c. 

53.5 

52.7 

53.8 

H. 

7.0 

6.9 

7.2 

N. 

15.5 

1 

15.4 

15.6 

0. 

22.4 

23.8 

22.5 

S. 

1.9 

1.2 

0.9 



The chemistry of the formation of proteins appears to be a 
combination, or linking together, of amino acids with formation of 
water. A large number of amino acids may be involved in the process. 
The number combined to form casein, for example, has been estimated 
to be from 60 to 130. Urea and proteins are the chief sources of nitrogen 
in sewage. When the latter are present in large quantities, extremely 
foul odors are apt to be produced by their decomposition. They are 
concentrated to a greater degree in sludge than in the supernatant 
sewage. According to Buswell (5), *‘It appears that ammonia, carbon 
dioxide, fatty acids, alcohols, amines and hydrocarbons may result from 
the bacterial decomposition of proteins.^’ 

The carbohydrates are widely distributed in nature and include sugars, 
starches, cellulose and wood fiber. All are found in sewage. They 
contain carbon, hydrogen and oxygen; the common carbohydrates con¬ 
tain six, or a multiple of six, carbon atoms’ in a molecule and hydrogen 
and oxygen in the proportion in which these elements are found in water. 
Some carbohydrates are soluble in water, notably the sugars; others are 
insoluble, such as the starches. The sugars are prone to decomposition, 
the enzymes of certain bacteria and yeasts setting up fermentation with 
the production of alcohol and carbon dioxide. The starches, on the 
other hand, are more stable and are not readily attacked, although under 
certain circumstances they may be converted into sugars by microbial 
ferments as well as by dilute mineral acids. 

From the standpoint of bulk and resistance to decomposition cellulose 
is the most important carbohydrate found in sewage. The destruction 
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of cellulose in the soil goes on readily. Here it is largely due to the 
activity of various fungi, particularly when acid conditions prevail. 
When the medium is slightly alkaline, certain aerobic bacteria are the 
more active agents, although the number of species is few. No yeast 
is known to ferment cellulose. According to Heuser (8), when bacteria 
bring about the destruction of cellulose, there are four ways in which 
the action may proceed. 

1. Methane fermentfition, produced by sewage bacteria, giving methane, 
carbon dioxide and the lower fatty acids, from formic to butyric acid. 

2. Hydrogen fermentation, produced by Bactenum fermentationis celluosae 
(Omeliansky), giving hydrogen, carbon dioxide and the same fatty acids 
as in (1). 

3. Methane hydrogen fermentation, produced by tiiermophilic bacteria 
of different kinds, leading to methane, hydrogen, carbon dioxide and formic 
and acetic acids. 

4. Nitrogen fermentation, produced by denitrifying bacteria, f.c., those 
assimilating nitrogen from the air or other sources and yielding nitrogen and 
carbon dioxide. 

The commercial fermentation of cellulose has also been accomplished 
and BorulT and Buswell (9) report experiments upon tiie digestion of 
mixtures of cornstalks and domestic wastes in which the cornstalks were 
decomposed to the extent of 35 to 50 per cent. In sludge tanks condi¬ 
tions do not appear to be altogether suitable for cellulose digestion and 
there is considerable doubt as to whether the process goes on to any great 
extent. Much cellulose always remains unchanged in sludge after the 
usual periods of digestion. 

Fats are compounds of the alcohol glycerol, commonly called glycerin, 
with the fatty acids, such as oleic, palmitic and stearic, the resulting 
glycerides being designated as olein, palmitin and stearin. Other 
glycerides are also known. The three mentioned are found in animal 
fats, the first being a liquid and the latter two solids. Fats are com¬ 
monly found in meats, in the germinal area of cereals, in seeds, in partic¬ 
ular fruits and in nuts. They contain carbon, hydrogen and oxygen 
in varying proportions, the chemical structure of the molecules being 
relatively simple. Fats are among the more stable of organic com¬ 
pounds and apparently they are not easily decomposed by the bacteria. 
The mineral acids attack them, resulting in the formation of glycerin 
and fatty acid. In the presence of alkalies, such as sodium hydroxide, 
glycerin is liberated and alkali salts of the fatty acids are formed. The 
latter are known as soaps and, like the fats, they are of stable character. 

Common soaps are made in the manner indicated, by saponification 
of fats with sodium hydroxide. They are soluble in water, but in the 
presence of hardness constituents the sodium salts are changed to 
calcium and magnesium salts of the fatty acids, or so-called mineral 
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Hoaps. These are insoluble and are precipitated. Soaps in sewage are 
largely of this kind. 

Little is known about the decomposition of fats and soaps in sewage- 
treatment processes, except that apparently they are not greatly 
changed. If the sewage becomes acid, fatty acids may be liberated from 
both, together with glycerin from the fats and soluble salts of sodium, 
calcium or magnesium from the soaps. Fats and soaps are found both in 
sludge and floating on the supernatant sewage. They come from 
kitchen and laundry wastes, from packing-house, wool-scouring, tannery 
and other industrial wastes and from other sources. They are a deter¬ 
rent to biological processes, in that they coat with a stable film surfaces 
that would otherwise be subject to microbial attack. Fats depreciate 
the commercial value of sludge as a fertilizer and tend to clog sewers 
when discharged into them in large quantities, as sometimes is done from 
packing houses. 

Fats are usually expressed in analysis as ether-soluble matter, for 
they are extracted by this solvent. There is another group of sub¬ 
stances that forms a part of the ether-soluble matter. This embraces 
the mineral oils, like kerosene and lubricating and road oils, which are 
derived from petroleum and coal tar and which contain essentially 
carbon and hydrogen. These oils sometimes reach the sewers in con¬ 
siderable volume from shops, garages and streets. For the most part 
they float on the sewage, although a portion is carried into the sludge on 
settling solids. To an even greater extent than fats and soaps, the 
mineral oils tend to coat surfaces and particles and interfere with 
biological action. 

Decomposition of the various organic constituents of sewage dis¬ 
charged into natural waters results in rapid depletion of the oxygen 
normally present in the water, after which foul-sinelUng compounds 
are formed if the volume of diluting water is inadequate. P’or this 
reason it is the organic content of sewage, and particularly its avidity for 
oxygen, that creates one of the principal problems of sewage treatment 
and disposal. 

The Cycles of Nitrogen, Carbon and Sulfur in Nature.—Organic 
matter possesses the interesting capability of passing from one condition 
through others in a cycle back to its original condition. This process, for 
want of a better name, may be called the “cycle of life and death. 
In its living form organic matter has organized structure and it may or 
may not have the power of locomotion. Upon its death it is resolved, 
through the agency of living organisms, into simpler compounds, some 
of which are organic and some inorganic or mineral in nature. Some of 
these in turn serve as food for the living organisms, which use them for 
building up their structures, thus again incorporating them into the 
living body. 
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In order to understand the choice and significance of a number of 
the tests employed in sewage analysis, especially in relation to the 
determinations of organic matter, it is necessary to become acquainted 
with the cycles of nitrogen, carbon and sulfur in nature. Appreciation 
of these cycles, too, will be found of avssistance in interpreting the 
behavior of sewage in treatment works and in streams or other bodies 
of water into which sewage is discharged. 

In its simplest form the nitrogen cycle may be idealized diagram- 
matically as in Fig. 2a. As shown here, organic nitrogenf*us matter is 
decomposed by bacterial activity and the nitrogen it contained appears 
first as ammonia, lly oxidation or nitrification this ammonia is con¬ 
verted through the medium of two distinct groups of nitrifying bacteria 
first into nitrites and then into nitrates. Nitrates serve as plant food 
and the nitrogen taken up by plants is built into plant tissue, or plant 
proteins. By death the plant proteins become organic nitrogenous 
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Fig. 2.—The nitrogen, carbon and sulfur cycles in nature. 


matter once again. If the plants are eaten by animals, part of the 
nitrogen is converted into animal proteins and part is wasted. The 
nitrogenous waste products of animal life are organic nitrogenou.s matter 
and urea. The latter is broken down into ammonia by another si>ecial 
group of bacteria. 

As discharged into the sewers, some of the organic nitrogen compounds 
are relatively stable and others are bound together only loosely. Most 
of the compounds are easily broken up, directly or indirectly, by bacterial 
action into other substances and the nitrogen, some of which was at 
first in highly complex form, becomes part of less complex matters, while 
that whi(;h at first was loosely bound is liberated frmn its organic 
combination and may then be present in some inorganic form, as 
ammonia, or it may be liberated as nitrogen gas. 

A few deviations from the complete cycle have already been men¬ 
tioned; there are others. Certain bacteria, for example, reduce nitrates 
to gaseous nitrogen. This is knpwn as rediwHon or deniirificoiion. 
Other forms of denitrification are the reduction of nitrates to nitrites and 
ammonia and the liberation of gaseous nitrogen from either of these. 
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By bacterial activity connected with the growth of leguminous plajits, 
furthermore, free nitrogen is utilized in forming plant tissue. This is 
known as nitrogen fixation. Finally, bacteria ma> convert ammonia 
into the living matter of their own cells. 

It will be noted that the left half of the circle in Fig. 2a is associated 
with living matter, the right with dead or waste matter. The right 
half is particularly significant in sew^age disposal. 

The carbon cycle is illustrated in Fig. 26. Decomposition of organic 
carbonaceous matter produces carbon dioxide gas or carbonates. With 
the aid of chlorophyll—the green coloring matter of plants—and the 
stimulus of sunlight, green plants are able to convert carbon dioxide 
into carbohydrates, which later may be changed into fats and proteins. 
This use of carbon dioxide is known as photosynthesis^ the building up of 
complex substances with the aid of light. As will api^ear later, plants, 
while absorbing carbon dioxide, liberate oxygen. In the dark 
the reverse is true and oxygen is taken in, while carbon dioxide is given 
off. This is called respiration. When plants die, the elements of 
which they are composed recommence the cycle. Animals feeding 
on plants convert the plant matter into animal tissue and w^aste prod¬ 
ucts. By respiration, furthermore, animals absorb oxygen while giving 
off carbon dioxide. 

The third cycle that illustrates the rotation in Nature of the elements 
composing organic matter is the sulfur cycle, l^ulfur is always present 
in sewage and ready to enter into any biological process, although it 
varies greatly in quantity according to its source. Sulfur in sewage 
may be derived from any one or all of the following: 

1. Vegetable or animal organic matter. Many of the proteins contain 

sulfur. k 

2. Sulfates of calcium and magnesium, ordinarily found in water supplies 
apd often present in larger quantities in ground water that leaks into 
sewers. 

3. Sulfates, sulfites and sulfides of the alkalies, alkaline earths and heavy 
metals that are present in some industrial wastes. 

Decomposition of sulfur-bearing organic matter in the absence of free 
oxygen, as shown in Fig. 2c, results in the production of sulfides and of 
hydrogen sulfide, an ill-smelling gas. In the presence of oxygen the 
so-called sulfur bacteria oxidize the hydrogen sulfide to produce sulfur 
and sulfates. The activities of plant and animal life then complete the 
cycle of this element in nature. By reduction sulfates can be broken 
down under conditions analogous to the redaction of nitrates and 
nitrites, hydrogen sulfide being produced. 

Not shown, but associated with practically all the changes just 
described, is the cycle of water. < (Bacteria and other primitive forms of 
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life cannot perform their functions in the absence of water. Water, 
however, does not play a merely passive part by preventing desiccation 
or acting as the conveying medium for food substances; it enters actively 
into both the synthesis and analysis of organic matter. The addition of 
water to the molecule is known as hydrolysis and commonly results in 
converting the organic sul^stance, to which water is added, into a 
simpler, more soluble compound. 

It should be noted that in all these changes there is no loss of matter, 
only a change in its form and characteristics. The fact that all the 
elements composing organic matter are found at one time or another, 
alone or in combination, as gases or volatile substances, however, does 
at times result in their loss from sewage to the atmosphere. 

Mineral Matters in Sewage.—The mineral, or inorganic, matter of 
sewage is usually of much less consequence than the organic matter. 
Particularly is this true for domestic sewage. The fertilizing qualities, 
however, are due to the forjiier class of substances, such as nitrogen, 
potash and phosphates, although these are combined to a greater or less 
extent with other elements in organic compounds. Sand, gravel and 
other mineral matters washed by storm water into sewers and thence 
into ponds, rivers or harbors, may form deposits tending to obstruct 
navigation. Lime and certain other chemical substances from industrial 
wastes are inimical to fish and acid iron liquors from galvanizing plants 
may cause the water into which sewage containing them is turned to 
become discolored and unsuitable for many industrial purposes. These 
conditions on the whole are exceptional. The chief dangers and troubles 
caused by sewage are due to its organic content. 

Common salt, or sodium chloride, together with smaller quantities 
of the chlorides of potassium, calcium and magnesium, are present in 
practically all natural waters, usually being more plentiful in waters 
near the scacoast than in those inland. These chlorides are also con¬ 
stituents of food and are present in large quantities in kitchen refuse, 
w^ash waters, urine and feces. Chlorides, therefore, are found in sewage 
in much larger quantities than in most natural waters and their presence 
in the latter in excess of that normal for unpolluted waters of the locality 
indicates probable contamination by sewage. 

Chlorides are not decomposed by the changes occurring in sewage, 
eithar natural or artificial, and for this reason their determination is often 
important, as indicating whether or not samples of effluent and sewage 
correspond; if they do, the quantity of chloride should be substantially 
the same in both. 

In a general way, the quantity of chloride per inhabitant reaching the 
sewers in a given unit of time is uniform; therefore the chloride content 
of the sewage may be used to determine its strength or concentration, bj 
which is meant the proportion of sewage matter in a given volume of 
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water. For this deteriniiiation it is necessary to know the quantity of 
chloride in the watelf supply and also any possible source of an unusually 
large quantity of chloride discharged into the sewers. In a similar way 
the quantity of infiltration into the sewers may sometimes be ascertained 
by the degree of dilution afforded the sewage, the chloride content of the 
ground water being known. Effluents from irrigation fields and inter¬ 
mittent sand filters often contain large (quantities of ground or surface 
water, the proportion of which to sewage effluent may be ascertained 
by a study of the relation of the quantity of chloride in the effluent to 
that in the sewage applied. 

Some sewage contains alkalies such as ammonium, sodium and 
potassium carbonates and bicarbonates and similar salts of the alkaline 
earths, calcium and magnesium. The authors have seen samples of 
sewage so strong that fumes of ammonia rose from them into the air and 
samples in a barrel evolved so much ammonia that, when hydrochloric 
acid was exposed near the surface of the sewage, the upper portion of 
the barrel was filled with the characteristic white fumes of ammonium 
chloride. 

Sewage is normally alkaline, owing to the alkalinity of the water 
supply, the ground-water infiltration and much of the sewage matter 
itself. Excessive alkalinity is inimical to both plant and animal life, so 
that this consideration may be an important one in connection with the 
discharge of certain industrial wastes into natural waters. 

Sewage which contains mine drainage, wastes from wire-drawing 
plants and some other industrial wastes will often be found acid. The 
degree of acidity has an important bearing upon the inauguration and 
maintenance of bacterial activity within a sewage filter. Acid exerts an 
inhibiting action upon bacteria and it is possible to carry the acidity 
to the point where it will kill all bacterial life. 

Iron in sewage may originate in the water supply, in the ground water 
filtering into the sewers and in industrial wastes, particularly the acid 
iron wastes of certain iron works. The effluents of sand filters sometimes 
contain large quantities of the compounds of this metal, a condition 
which indicates that the beds have tendencies toward putrefaction. 
Under such circumstances a reducing action occurs, rendering the 
ferruginous compounds in the sand soluble in water. 

Nitrites and nitrates, usually those of the alkaline earth metals, occur 
in small quantities in fresh sewage, having their origin in the water 
supply. Septic sewage contains neither. Effluents from biological 
treatment processes contain these salts, the concentration varying with 
the strength of the sewage and the degree of oxidation. Nitrites and 
nitrates owe their , formation to the oxidation of nitrogenous organic 
matter^ in accordance with the operation of the nitrogen cycle. 
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Small quantities of phosphorus compounds are found in sewage and 
they constitute one of its elements of fertilizing value. Other fertilizing 
constituents, mineral in character, are the potassium salts, which are 
readily soluble in water and, for this reason, do not ordinarily exist in 
api^reciable quantities in sludges. In connection with the disposal of 
some industrial wastes, such as wool-scouring liquors, potash may be of 
importance. 

Certain inorganic substances may increase greatly the danger of odors. 
If sea water, which contains sulfates, finds its way into a sewer, par¬ 
ticularly with bad ventilation and stale sewage, concrete surfaces may be 
injured by the formation of hydrogen sulfide. Thus for New Bedford, 
Mass., the authors recommended adding 2 in. to the thickness of the 
walls of a concrete intercepting sewer which was subject to tidal flooding, 
as a precaution in case disintegi’ation should take place on the inner 
surface. 

The mineral matter from industrial wastes may have a much more 
serious effect upon the treatment of the sewage than the mineral matter 
from the water supply and ground water, by interfering with bacterial 
activities. The diluting and neutralizing effect of municipal sewage 
upon acid and other industrial wastes, however, often makes it prac¬ 
ticable to treat sewage containing large quantities of them by the usual 
bacterial methods. Sulfate of iron may cause large and troublesome 
sludge deposits, where chemical treatment is necessary, or it may 
furnish the necessary coagulant, thus proving advantageous. It may 
have an unfavorable effect upon filtration through sand beds. Tannery 
wastes may react with other constituents of the sewage, causing trouble¬ 
some sludge deposits. Industrial wastes also frequently contain the 
objectionable sulfides already mentioned. Occasionally incliistrial 
wastes have contained such large quantities of arsenic, copper, chlorine 
or other germicide that the disinfecting action upon the organisms in 
filters has been unfavorable. 

Gases and Volatile Matters in Sewage.—The common gases of the 
atmosphere, nitrogen, oxygen and carbon dioxide, are found in all 
waters that are exposed to the air. The quantities taken into solution 
are limited by the following factors: the coefficient of solubility of the gas 
in water; the partial pressure of the gas in the atmosphere; the tem¬ 
perature of the water; and the purity of the water. 

Of these the first three are the most important, as far as fresh water is 
concerned. The coefficient of sohMlity is the quantity of gas that is 
absorbed by a unit (|uantity of w^ater at a given temperature, when the 
water is exposed to a pure atmosphere of the gas under a barometric 
pressure of 7ff0 mm. The partied pressure of a gas in the leitmospbere 
is a jmjportion of atmospheric pressure equal to the |)ercentage volume 
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of that gas in the atmosphere. The quantity dissolved in the water 
varies directly with the partial pressure. The higher the temperature^ 
however, the smaller is the'quantity. The purer the water, the greater 
is its solution power. In sea water with a salinity of 18,000 p.p.m., as 
measured by the chloride content, the solubility of oxygen, for example, 
is reduced by about 20 per cent as against fresh water. This is of impor¬ 
tance in the disposal of sewage into tidal estuaries. 

Whipple (4) comments on these matters as follows: 

The solubility of oxygen in water at a temperature of 0°C. when the water 
is exposed to an atmosphere of the dry gas under a pressure of 760 mm., 
is 49.29 cc. per liter, of carbon dioxide 1713 cc. per liter, of nitrogen 23.00 cc. 
per liter. The atmosphere consists of 20.94 per cent by volume of oxygen, 
0.03 per cent of carbon dioxide and 78.09 per cent of nitrogen, but in water 
saturated with air at 0®C. oxygen constitutes 34.91 per cent by volume of 
the total dissolved air and nitrogen only 65.09 per cent. Carbon dioxide 
disappears from the gaseous phase owing to its union with water to form 
carbonic acid. The saturation value for water at 0°C. in contact with air 
is about 1.4 parts CO 2 per million, or 0.7 cc. per liter. These volumes 
vary relatively from those which might be expected with the respective 
partial pressures by reason of the different solubility constants of the respec¬ 
tive gases. If the air or gas in contacts with the water is not dry, the volume 
of the gas dissolved will be reduced in proportion to the partial pressure of 
the water vapor present in the supernatant atmosphere, i.e„, the vapor 
tension of water. 

The total solvlnlity of gases also varies in general with the temperature of 
the water, being greater in cold than in warm water. At 20°C. and with 
water exposed to a pressure of the dry gas equal to 760 mm. the total solu¬ 
bility of oxygen is 31.44 cc. per liter, of carbon dioxide 878 cc. and of nitrogen 
15.64 cc. Compare these values with those given above for 0°C. When 
water is wanned, there is a tendency for gases to be driven from it due to 
lessened solubility. It is well to point out that although a rise iii tempera¬ 
ture decreases total solubilityf it increases the rate of solution coefficient^ i.c., 
the rate of solution per unit area exposed when the difference between 
saturation and the actual concentration is 1 cc. per liter of water. ' 

Increasing concentration of dissolved salts decreases the total solubility 
from that in distilled water. For this reason brackish water and sea water 
contain, when saturated, smaller volumes of atmospheric gases than does 
fresh water under the same conditions. 

The solubility of oxygen in water is given in Table 6, calculated from 
measurements made by Fox (10). Table 7, compiled by Whipple, (4) 
shows the solubility of CO 2 at different temperatures and illustrates 
the fact that the quantity of gas dissolved is dependent upon the partial 
pressure of CO* in the atmosphere above the solution. Where the 
partial pressure is high, as it is in the ground atmosphere, the quantity 
of gas dissolved in the water is larger. Well and other ground waters 
are commonly higher in carbon dipxide content than surface waters. 
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Table 6.’—Solubility op Oxygen in Fresh Water and in Sea Water 
OP Stated Degrees of Salinity at Various Temperatures 
when Exposed to an Atmosphere Containing 20.9 per 
cent of Oxygen under a Pressure op 760 mm., 

Including Pressure op Water Vapors 




Chloride as 

Cl in sea water, p.p.m. 



Tempera¬ 

ture, 

“C. 

0 

5,000 j 

10,000 

15,000 

1 20,000 

100 p.p.m. 
chloride, 



Dissolved oxyRcn, 

p.p.m. 

i 

p.p.m. 

0 

14.62 

13.79 

1 

12.97 

12.14 

11.32 

0.0165 

1 

14.23 

13.41 

12.61 

11 .82 

11.03 

0.0160 

2 

13.84 

1.3 05 

12.28 

n . 52 

10.76 

0.0154 

3 

13.48 

12.72 

11.98 

11.24 

10.50 

0.0140 

4 

13.13 

12.4L 

11.69 

10.97 

10.25 

0.0144 

5 

12.80 

12.09 

11 39 

10.70 

10.01 

0.0140 

6 

12.48 

11.79 

11.12 

10.45 

9.78 

0.0135 

7 

12.17 

11.51 

10.85 

10.21 

9.57 

0.0130 

8 

11.87 

11.24 

10.61 

9.98 

9.36 

0.0125 

9 

11.59 

10.97 

10 36 

9.76 

9.;^ 

0.0121 

10 

11.33 

10.73 

10.13 

9.55 

8.98 

0.0118 

11 

11.08 

10.49 

9.92 

9.35 

8.80 

0.0114 

12 

10.83 

10.28 

9.72 

9.17 

8.62 

0.0110 

13 

10.60 

10.05 

9.52 

8.98 

8.46 

0.0107 

14 

1 10,37 

9.85 

9.32 

8.80 

8.30 

0.0104 

15 

1 10.15 

9.65 

9.14 

8.6^ 

8.14 

0.0100 

16 

9.95 

9 46 

8.96 

8.47 

1 7.99 

0.0098 

17 

9.74 

9.26 

8.78 

8.30 

7.84 

0.0095 

18 

9.54 

9.07 

8.62 

8.15 

7.70 

0.0092 

19 

9.35 

8.89 

8.46 

8.00 

7.56 

0.00S9 

,20 

9.17 

8.73 

8.30 

7.86 

7.42 

0.0088 

21 

8.99 

8.57 

8.14 

7.71 

7.28 

0.0086 

22 

8.83 

8.42 

7.99 

7.57 

7.14 

0.0084 

23 

8.68 

8.27 

7.85 

7.43 

7.00 

0.0083 

24 

8.53 

8.12 

7.71 

7.30 

6.87 

0.0083 

25 

8.38 

7.96 

7.66 

7.15 

6.74 

0.0082 

26 

8.22 

7.81 

7.42 

7.02 

6.61 

0.0080 

27 


7.67 

7.28 

6.88 

6.49 

0.0079 

28 

7.92 

7.53 

7.14 

6.75 

6.37 

0.0078 

29 

7.77 

7.39 

7.00 

6.62 

6.25 

0.0076 

30 

1 

7.63 

7 25 

6.86 

6,40 

6.13 

0.0075 


^ Under any other barometric; pressure B the solubility can be obtained from the corre* 
spending value in the table by the formula: 

B B* 

** *^7^ "" '^29 92’ which S' » solubility at B or B\ 


S » solubility at 760 mm, or 29.92 in. 
B » barometric pressure in millimeters 
B' =» barometric pressure in inches. 
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Table 7.—Solubility of Carbon Dioxide in Water 


Tem¬ 

pera¬ 

ture, 

"C. 

1 

Cc. per liter 
of water for 
partial 
pressure 
of 1 part 
per 10,000 

Parts per million for stated partial pressures 
of CO 2 in the atmosphere 

1 part per 
10,000 

4 parts per 
10,000 

i 

6 parts per 
10,000 

8 parts per 
10,000 

0 

0.1713 

0.34 

1.4 

2.0 

2.8 

4 

0.1473 

0.29 

1.2 

1.7 

2.4 

8 

0.1283 

0.26 

1.0 

1.5 

2.1 

12 

0.1117 

0.22 

0.9 

1.3 

1.8 

16 

0.0987 

0.19 

0.8 

1.2 

1.6 

20 

0.0877 

0.17 

0.7 

1.0 

1.4 

24 

0.0780 

0.15 

0.6 

0.9 

1.2 

28 

0.0780 

0.15 

0.6 

0.9 

1.2 


When sewage in contact with the atmosphere is only partially 
saturated with oxygen or with some other gas found in the atmosphere 
above, it will absorb the gas from the air slowly, the rate of solution 
depending upon the surface area of the sewage exposed and upon the 
degree of undersaturation. When sewage contains more of a gas in 
solution than is consistent with the partial pressure of the gas in the 
atmosphere, the gas will go out of solution until balance is attained. 
This explains why carbon dioxide, which is commonly present in the 
atmosphere to the extent of only 0.04 per cent, corresponding to about 
1 p.p.m. of CO 2 in the sewage, cannot be used as a measure of oxidized 
carbonaceous matter in sewage. Too much of it is lost tp the atmosphere 
as soon as it is produced. 

It is evident from the foregoing that most of the oxygen dissolved in 
sewage comes from the atmosphere. In water courses containing green 
plants, however, some of the oxygen may be contributed by photo¬ 
synthesis. Under such conditions it is not unusual to find super¬ 
saturated values for oxygen, particularly if highly nitrified effluents 
have found their way into the watercourses. 

Sewage and sewage effluents generally hold in solution not only gases 
a^orbed from the atmosphere but also small quantities of other gases, 
together with a considerable quantity of carbon dioxide, that are pro¬ 
duced as a result of the decomposition processes going on. Such decom¬ 
position may result in the formation of methane, commonly found in 
marshes as a result of the decay of bottom deposits and hence called 
marsh gas. This is a colorless, odorless, hydrocarbon compound, CH 4 , 
of high fuel valuq* Nitrogen may be liberated in gaseous form by the 
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decomposition of nitrogenous organic matter. Carbon dioxide may be 
produced by the breaking down of carbonaceous matter, resulting in a 
combination of the carbon with oxygen. Hydrogen sulfide, H 2 S, is often 
formed in considerable quantities from the disintegration of sulfur-bearing 
organic matter or the reduction of mineral sulfites and sulfates. This 
gas is a colorless, inflammable compound, having the characteristic odor 
of rotten eggs. It is not formed in the presence of an abundant supply 
of oxygen. The blackening of sewage and sludge is usually due to the 
formation of hydrogen sulfide that has combined with iron present to 
form ferrous sulfide, FeS. 

Fresh sewage possesses a somewhat disagreeable odor, probably due 
mainly to the characteristics of certain compounds contained in the 
sewage matters. It is not so objectionable as the odor of septic sewage. 

The anaerobic decomposition of sewage, as explained’above, may 
result in the production of hydrogen sulfide. This is the most important 
gas to be formed from the standpoint of the causation of odors. Other 
vohitile compounds, such as indol, skatol, cadaverin and the mercaptans, 
may be formed in decomposing sewage in small quantities and by virtue 
of their strong physical properties may cause odor- more offensive 
than that of hydrogen sulfide. There is little information at present 
as to their presence in sewage or the manner in which they may be 
jiroduced by its decomposition. If sewage can be supplied with dis¬ 
solved oxygen, its decomposition will not result in the production of 
the offensive odors so evident when undergoing anaerobic changes. 
Therefore, an effort is generally made to bring about the necessary 
changes in sewage under aerobic conditions. 

The Hydrogen Ion Concentration of Sewage and Sewage Matters.— 
According to the theory of electrolytic dissociation, all aqueous solutions 
contain free hydrogen ions, H"*', and free hydroxyl ionSy OH“. These 
are derived by dissociation of molecules. When the number of each 
is the same, the solution is neutral. When the number of H ions is 
greater than that of the OH ions, the solution is acid. When the reverse 
is true, with OH ions in excess, the solution is alkaline. Since acidity 
is due to the presence of H ions, the acidity increases as the number of 
H ions increases. Conversely, since alkalinity is due to the presence 
of OH ions, the alkalinity increases as the number of OH ions increases. 
A strong acid is one that dissociates in water to give a large number 
of H ions that are positively charged, together with negatively charged 
ions of the acid radical. 

Thus hydrochloric acid dissociates as follows: 

HC1±=;H+ + C1“ 

A strong base, similarly, is one tliat dissociates to give a large number 
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of negatively charged OH ions, together with, positively charged metal 
ions* Sodium hydroxide dissociates thus: 

NaOH±:;Na+ + OH“ 

Pure distilled water contains, besides molecules of H 2 O, free hydrogen 
ions and free hydroxyl ions by reason of the dissociation of the molecules. 

+ OH“. This dissociation is very slight, affecting only 
one molecule in 550,000,000, but by virtue of it the water exhibits 
conductivity in slight degree to the passage of an electric current. 
According to the mass law. 

Concentration of H ions X concentration of OH ions _ 

Concentration of undissociated H 2 O ^ * 

In view of .the fact that the proportion of undissociated water is ex¬ 
tremely large, approaching unity, relative to the quantities of H or 
OH ions, the denominator can be taken as a constant, and then 

Concentration of H ions X concentration of OH ions = a constant. 

The constant has been measured electrically and found to be 
10“‘S or 1/100,000,000,000,000, at 22®C. The number of H ions and 
OH ions in perfectly pure water is the same; therefore, the concentration 
of H ions and of OH ions will be 10~^, or 1/10,000,000, e.^., 1 gm. in 
10,000,000 liters of water, in order to satisfy the equation above. This 
is the value for a neutral solution. An acid solution has more H ions, 
say a concentration of 10““^, or 1/100,000, and a correspondingly lower 
number of OH ions, 10”®. An alkaline solution has a greater number 
of OH ions, say 10”®, and a correspondingly smaller number of H ions, 
which would be 10”®. Thus, whatever the value of OH ions, there will 
still be some H ions in solution. Hence reference is commonly made 
to the H ion concentration alone, whether the solution be acid or alkaline, 
instead of both the H ion and OH ion concentration or the OH ion 
concentration alone. 

For convenience of statement the H ion concentration is expressed 
in terms of the exponent that measures the magnitude of the decimal 
fraction. This is, therefore, the logarithm of the reciprocal of the H ion 
concentration. The term, as suggested by Sorenson, is called the 

‘‘pH valuehence pH = log The unit of pH expression is grams 

of H per liter, as it is in stating the value of normal solutions of acids or 
bases. The pH value is, then, the logarithm of the reciprocal of the 
H ion concentration expressed in grams per liter. It should be remem¬ 
bered that pH 7.0 denotes neutrality, while pH values above 7.0 signify 
alkalinity and pH values below 7.0 acidity, and that increasing H ion 
concentration, therefore, is associated with decreasing pH values and 
vice versa. In considering pH values it is well to keep in mind, also. 
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that large differences are denoted by small numbers. Thus a difference 
of 1 in the pH value signifies 10 times the H ion concentration and a 
difference of 2,100 times the H ion concentration. Measurements of pH 
are sufficiently accurate to give values to more than one significant 
figure; two are commonly employed and three or four in very fine 
measurements. 

Formerly the acid or basic properties of water and sewage were' 
determined by finding the quantities of standard acid or alkali necessary 
to produce color changes in certain indicators, such as methyl orange or 
phenolphthalein, that are less sensitive than the ones now used. Accord¬ 
ingly the departure of the reaction of the solution from true neutrality 
was not so accurately registered. The method is known as tUralion 
and a solution was spoken of as alkaline to methyl orange or acid to 
phenolphthalein. 

In sewage there occur certain svibstances known as buffers. When 
acid or alkaline compounds are added to sewage, these oppose or offset 
dissociation, so that in their presence considerable amounts of acid or 
alkali can be added without changing the pH. This is called buffer 
action and, as will be seen, is an important characteristi of sewage and 
sewage matters. The determination of hydrogen ion concentration is 
particularly significant in connection with three problems: the life 
processes of bacteria that decompose sewage matters; the coagulation 
and precipitation of suspended and colloidal matter; and the dewatering 
of sewage sludge. The activities of the microorganisms of decay are 
stimulated or retarded by changes in pH. There is an optimum 
value, and artificial adjustment to this value is sometimes worth while. 
Coagulation and precipitation of suspended and colloidal solids take 
place most rapidly at certain pll values and are therefore aided by 
bringing the liquid to these values, by the addition of acids or alkalies, 
or of acid or alkaline salts. A similar statement may be made for the 
dewatering of sewage sludge. 

Living Things in Sewage.—Among the living things that play a 
part in the disposal of sewage are rats, the scavengers of sewers, in 
which many rats live; gulls and other birds that feed upon floating 
organic matter discharged from sewers; fish that often congregate about 
sewer outlets for food; certain aquatic plants that assimilate some of 
the end products of sewage decomposition; and minute living things, 
plant and animal microorganisms, too small as individuals to be seen 
with the naked eye. The last, the lowest organized forms of life, 
play the most important role. By common acceptance these micro-* 
organisms array themselves in two groups, the bacteria^ and the plankton’^ 

^ Singular hacttrium. ■ 

3 The term plankton, denoting an assemblage of organisms, commonly is used in the 
singular. The individual organisms compositig the plankton are known as planktonta or, 
perhaps better, j^ankter. 
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or microscapic organisms,^ The terms bacterium and plankton are 
derived from Greek words signifying “a staffand “wandering/' 
respectively, the first bacteria noted having been staff- or rod-shap^ 
organisms and the first microorganisms, other than bacteria, having 
been observed as a free-floating, or wandering, assemblage of minute 
living things. Of the two, the bacteria are the more active. 

These living organisms are of interest particularly from the standpoint 
of their food habits, which are largely responsible for the changes that 
are brought about in the so-called biologically activated treatment 
processes and in the self-purification of streams. 

The position in the scale of life of these minute forms, together 
with some others that have a bearing on the disposal of sewage and some 
that do not, is given in the outline that follows, taken from Whipple (4). 
This outline includes both animals and plants, arranged in order from 
the more complex to the simplest forms. 

Outline op Plant Groups 

Spermatophyta or seed plants 
Pteridophyta or ferns 
Lycopsida or club mosses 
Bryophyta or mosses and liver worts 
Thallophyta or thallus plants 
Ftmgi 
Characeae 
Algae 

Chlorophyceae or green algae 
Xanthophyceae or yellow-green algae 
Diatormceae or diatoms 
Phaeophyceae or brown algae 
Rhodophyceae or red algae 
ScHizoPHYTA or fission plants 

Schizophyceae or fission algae, Cyanophyceae or blue-green algae 
Schizomycetes or fission fungi, including the bacteria 
The Schizophyceae or Cyanophyceae are more commonly classed with 
the algae and the Schizomycetes with the fungi. 


> Sedgwick suggested that the microorganisms be divided according to a scheme that is 
given by Whipple (4): 

I Microscopic Organisms or Plankton 
Not requiring special culture. 

Easily studied with the microscope. 
Microscopic in sise, or slightly larger. 
Plants or animals. 

BacteTiol Organisms 
Requiring special cultures. 

Difficultly studied with the microscope. 
Microscopic or submicroscopio in siie. 
Plants. 
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Outline of Animal Groups 

Vebtbbrata including the Pisces or fish and the Amphibia 

Mollubca or mollusks 

Bryozoa {Polyzoa) or moss animalcules 

Arthropoda including the Insecta^ Arachnida or water spiders, mites and 
bears, and the Crmtacea 

Vermes including the Coelhelminthes or segmente<l worms, TrochheU 
minthes^ or trochal worms, Nemathelminthes or roundworms, and the 
Platyhelminthes or flatworms 

Hydrozoa or polyps and medusae 

PoRiPBRA or sponges 

Protozoa or single-celled animals 
Sarcodina or amoeboid protozoa 
Mastigophora or flagellate protc zoa 
Infusoria or ciliate protozoa 
Sporozoaf exclusively parasitic 

Ill the outline of plant groups the descent in the scale of life is from 
the seed plants, SperiucUophytaj to the thallus plants, a group that is 
not differentiated into root, stem or leaf. There are t- ree subdivisions 
of this last group: the Fungi^ of which many genera are found in sewage 
and sewage-polluted waters, and which are devoid of chlorophyll; 
the Characeaef water plants that occupy an intermediate position 
between the algae and the higher plants; and the Algae ^ chlorophyll¬ 
bearing organisms that mostly live entirely submerged in water. They 
are primitive plants capable of producing their own carbohydrate 
supply by photosynthesis. The bulk of the plankton population is 
usually made up of the algae. They thrive in sewage-polluted waters 
that have largely recovered their stability by oxidation processes. 

Finally, there are the Schizophyta, a group of plants that multiplies 
by the process of cell division, or fission. This group includes the 
Cyanophyceacy chlorophyllaceous plants often placed in schemes of 
classification with the Algae^ and the Schizomycetes or bacteria. The 
science of bacteriology concerns itself with this last class, so many 
representatives of which are found in sewage. 

The outline of animal groups starts with the Vertebrata under which 
are placed the fish. Lower in the scale of life are the Arthropoda and 
the VermeSy members of which groups have important bearing on the 
self-purification of streams. Finally come the Protozoay the simplest 
of animal forms. It is difficult to differentiate between these unicellular 
animal forms and the unicellular plants. Definitions may be found 
applicable to the higher types of life, but they become obscure when 
applied to the lowest forms. Two of the subdivisions under the Protozoay 
namely, the flagellates and the ciliates, are common inhabitants of the 

^ The Hotifera or wheel animalcules are the largest group of the Troehhdminthes, 
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plankton assemblage. They are apt to be numerous in waters that 
have partially recovered from heavy sewage pollution. 

The Bacteria.—Bacteria vary greatly in size. They are seldom more 
than 2 or 3/i^ in their greatest dimension and usually about 0.5/^ in 
diameter. Bacteria have a considerable variety of shapes but all 
are modifications of the three fundamental shapes, spheres, rods and 
spirals. These shapes give rise to three divisions, or families, the com, 
bacilli and spirilla. The cocci are nonmotile; the bacilli and spirilla 
are either motile or nonmotile. 

The living substance of the bacterial cell is surrounded by a gelatinous 
envelope called a capsule. The cell wall is a slightly altered layer of 
the cytoplasm or living matter, that preserves the form and functions 
of the cell itself. The cytoplasm, which is made up of highly nitrogenous 
substances, can assimilate nourishment from the food reaching it in a 
way either to obtain vital energy or to form new cell wall and more 
C 3 rtopla 8 m, both of which result in growth. The cell wall permits 
transfusion of soluble substances but keeps out solid particles. Since 
much bacterial food is in solid form, the organisms must dissolve this 
food outside the cell. This they do by substances called ferments 
or enzymesy carried and secreted by the cell. 

During disintegration of food substances by bacteria, acids and oUier 
products injurious to them are commonly formed. These may accumu¬ 
late until further multiplication is stopped. Checks to bacterial growth 
are also offered by an insufficient food supply, unsuitable temperature, 
competition of different species of bacteria, ingestion by other organisms, 
such as the bacteriverous protozoa, and the presence of certain poisonous 
chemicals, such as chlorine compounds, acid or caustic substances, 
copper salts and arsenic. In an unfavorable environment some bacteria, 
assuming that the cells are not actually destroyed, have the ability to 
form spores, a resting, more resistant stage, analogous to the hibernation 
Or estivation^ encountered among higher forms of life. 

The growth and. activities of bacteria are dependent upon the con¬ 
sumption of food, as is the case with every other form of life. According 
to their food habits, bacteria are classified as saprophytes and parasites. 
The former are of greatest importance in sewage treatment and disposal; 
the latter are significant from the hygienic standpoint. The organic 
and mineral matter in sewage usually affords suitable food for the 
development of saprophytic bacteria. Some parasitic organisms can 
live also on dead organic matter. Most parasitic organisms, however, 

1 For convenience* the dimensions of small particles are (iven in microns for which the 
abbreviation is the Greek letter mu—One micron equals one thousandth of a milli¬ 
meter. The millimicront mu mu, which is one thousandth of a micron or one millionth 
of a millimeter, fs also useful. Since 1 mm. is about Hb in.i 1 m ** 1/26,000 in. and 
1mm * 1/26,000,000 in. (approx.) 

\ Summer torpor. 



CHARACTERISTICS AND BEHAVIOR OF SEWAGE 59 


do not develop to any extent outside the body of their host. The 
disease-producing bacteria die off quite rapidly in sewage. 

Bacteria, like all other living organisms, need oxygen to carry on 
their life processes. Life, indeed, is a process of combustion. Some 
bacterial organisms require free oxygen and obtain it from the oxygen 
dissolved in the water. These are called aerobic^ bacteria. Others 
can obtain their oxygen supply from the oxygen radicals of organic 
compounds or such mineral substances as nitrites, nitrates and sulfates. 
These are called anaerobic bacteria. Many bacteria are neither strict 
aerobes nor strict anaerobes and are said to be facultatively aerobic or 
anaerobic. This relation to oxygen is shared by other primitive forms 
of life, such as the protozoa and rotifera. The higher the scale of life, 
the more strictly it becomes aerobic. Classification of bacteria with 
respect to oxygen condition}- is particularly important in sewage prob¬ 
lems. The tremendous development of bacteria and other organisms 
in sewage often depletes the dissolved oxygen aiid establishes so-called 
aifaerobic or septic conditions. 

An important characteristic of bacterial growth is that the cells are 
sensitive to the reaction of their environment, i.e., it* acidity or alka¬ 
linity, as measured by the H ion concentration. A favorable reaction 
will promote growth, an unfavorable one will arrest it or even destroy 
the organisms completely. Bacteria are likewise sensitive to the tem¬ 
perature of their environment. They are destroyed at high tempera¬ 
tures and their activities are inhibited at low ones. Each species has 
its optimum temperature. For some it is relatively high and for others 
relatively low. 

Bacteria find their way into sewage through many channels. They 
are present in the water supply of the community as well as in the ground 
water leaching into the sewers. Some doubtless fall into the sewage 
from the air. The wastes of certain industries contain large numbers 
of bacteria. Many more are washed into sewers by storm water. 
By far the greatest number, however, come from human and animal 
excreta, which teem with these minute living cells. 

The mixture of all kinds of discarded substances in sewage gives it 
a high bacterial content and a diversified bacterial flora. There are 
present saprophytic and parasitic forms, aerobic, anaerobic and faculta¬ 
tive species, spore formers and nonspore formers, beneficent and 
pathogenic types. A cubic centimeter of sewage will contain from a 
few hundred thousand to several million bacteria, the number depending 
upon the temperature, the age of the sewage, the character of the 
community producing it and the hour of the day. 

Plankton and Higher Organisms.—The plankton by virtue of their 
food habits bring about changes in sewage matters which are second in 

^ From the Latin and Greek words for ^‘air” and “life*’ 
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importance only to those induced by the activities of the bacteria. 
The changes are most apparent in natural bodies of water into which 
sewage is discharged. When the sewage is in concentrated form, as 
it is in sewage filters, the action is principally due to the bacteria, 
although not wholly so. In polluted natural waters the changes wrought 
are due to the life processes, not only of the bacteria but also of the 
higher organisms. The nature of the substances in the water determines 
very largely the predominant species of organisms and the changes 
wrought by them. 

The role of the microorganisms in promoting the striking changes 
that are manifest subsequent to the pollution of water with sewage 
is discussed in greater detail in Chap. VII. 

THE DECOMPOSITION OF SEWAGE 

Changes Taking Place in Sewage Matters.—Transformations of a 
striking nature take place in the physical, chemical and biological 
properties of sewage as time elapses. Large coarse particles tend to 
be comminuted and some finely divided, colloidal particles agglomerate 
into flocculent masses. There are manifest both dispersion and coagula¬ 
tion of solid matters. The ultimate tendency is toward clarification 
that results from precipitation of such substances. 

Biologically, the picture is ever changing. Bacterial species that 
were once predominant find existence too difficult and give way to 
others that find the environment better suited to their needs. As 
purification goes forward, microscopic organisms and the larger forms 
of aquatic life constantly shift in variety as conditions change. There is 
a regular sequence of forms, as physical and chemical factors are altered. 

Chemically, great differences appear in the nature and structure 
of the complex organic substances that make up part of the. solid con¬ 
tent of sewage. Organic matter is more or less readily broken up into 
other and simpler compounds, usually by biochemical action. For 
example, the extremely complex nitrogenous compounds known as 
proteids, when attacked by the bacteria through the agency of their 
enzymes, undergo hydrolysis and cleavage, meaning that water is 
absorbed and simpler compounds are split off. Amino acids are formed 
by this process, compounds containing the group NH 2 . The amino 
acids yield further ammonia and carbon dioxide, if oxygen is present; 
when it is absent the products may be several, as ammonia, organic 
acids, carbon dioxide, methane, hydrogen or even elemental nitrogen. 
Xhese substances differ greatly from each other in their properties 
and are remote from the original proteid substance in both properties 
and chemical structme. This, too, is the case with the carbohydrates 
and the fats. Biochemical forces act upon them to produce new and 
quite different substances. 
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Some of the chemical changes to which sewage matters are subject 
result in the liquefaction^ or change from an insoluble to a soluble 
substance, and gasification of solid particles, thus reducing the content 
of suspended solids. Certain species of bacteria, through their enzymes, 
possess marked ability to liquefy solid material. Nitrification is 
another change in chemical nature that nitrogen undergoes. With 
the aid of nitrite- and nitrate-forming bacteria, ammonium compounds 
are ultimately converted to nitrates. The reverse process, denitrifica¬ 
tion, is also encountered at times, whereby nitrates are reduced to 
nitrites, ammonia and even elemental nitrogen. 

Biological action, under conditions in which oxygen is absent, involves 
chemical changes in organic matter that lead to the formation of 
compounds possessing offensive odors. The process is known as 
putrefaction. In contrast to this is the process of oxidation^ which goes 
forward in the presence of ample oxygen supply. Under such condi¬ 
tions there are formed stable organic matter and mineral matter, both 
of Vhich are free from offensive odors and, under ordinary conditions 
of nature, will not undergo further changes that lead to the production 
of bad odors. The problem of sewage treatment is primarily one of 
devising means and methods of utilizing the above mentioned forces 
most effectively and economically, in order to convert speedily the 
putrescible organic matter into stable organic and mineral matter 
without creating offensive conditions. It is to the metabolism of 
minute organisms, bacteria and plankton, that the transformation of 
obnoxious sewage to an unobjectionable liquid is largely due. 

Indestructibility of Matter.—However striking the transformations 
in mutable substances may be, the student of sewage-disposal pro! lems 
must always keep in mind the fundamental fact that matter is inde¬ 
structible, that no form of treatment, natural or artificial, will destroy 
it, regardless of how great may be the changes in its form and charac¬ 
teristics. There is at times a loss of volatile constituents from sewage 
to the atmosphere, but the sum total of the end products of decomposi¬ 
tion is always equal to the substances from which they are derived, 
pound for pound. In the transformations that substances undergo, 
they may be changed in physical form, as sugar and salt are changed by 
solution in water, or they may be changed in chemical structure, as 
when several new substances are formed with entirely different pro]>er- 
ties. It follows, therefore, that the objectionable characteristics of 
sewage must be overcome, either by removing the matter causing them 
and disposing of it apart from the sewage, by transforming the objection¬ 
able into unobjectionable matter, or, in the case of living organisms, 
by killing them directly or indirectly. 

Aerobic and Anaerobic Decomposition. —The complexity of the 
reactions involved in the decomposition of sewage makes impossible of 
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statement, in light of existing information, the exact nature of the 
changes that go bn. With respect to oxygen two typea of decomposition 
are recognized, anaerobic decomposition, or putrefaction, and aerobic 
decomposition, or oxidation. Both are due to the activities of organ¬ 
isms, among which the bacteria predominate. Biologically, the two 
types differ greatly in the genera that are at work, because the oxygen 
concentration is not the same in one as in the other. Anaerobic decom¬ 
position is brought about by organisms that live and work in the relative 
absence of oxygen; aerpbic decomposition by those that require free 
oxygen to promote their activities. It should be remembered that all 
species of bacteria require the element oxygen for energy purposes. If 
free oxygen is not available in sewage, species will develop that can 
utilize the oxygen in nitrites, nitrates and sulfates and that in organic 
combination. 

Metabolism varies with species and so it is found that putrefaction 
produces end;products different from those of oxidation. The relative 
absence of oxygen gives rise to the formation of such compounds as 
hydrogen sulfide, H2S, methane, CH4, ammonia, NHs, hydrogen, H, 
nitrogen, N, carbon dioxide, CO2, and possibly to intermediate com¬ 
pounds like indol, CsHtN, skatol, C9H9N, mercaptan, C^HtSH, and 
cadaverin, C 6 H 14 N 2 . Many of these substances are volatile and 
ill-smelling. They give to sewage that is subjected to putrefaction 
its offensive properties. If sewage can be supplied with dissolved 
oxygen, its decomposition will not result in the production of the offen¬ 
sive odors so evident when it undergoes anaerobic changes. Decom¬ 
position under an ample supply of oxygen yields end products like 
carbon dioxide, nitrates, NOs, and sulfates, SO4. These compounds 
are stable in composition and with inoffensive properties. 

The oxidation of sewage does not imply the complete nrineralization 
of all organic matters. A large proportion, particularly of the suspended 
isolids, is converted into humus-Uke organic compounds that are relatively 
stable in character. Oxidation goes on to some extent during anaerobic 
decomposition, but it is usual to consider that aerobic conditions are 
essential to oxidation that accomplishes mineralization. That one form 
of the latter, nitrification, is due bacterial action is apparent from 
the fact that it is checked or stopped entirely by low temperatures, by 
heating to the point of sterilization and hy certain chemicals inimicd 
to the life of bacteria. Furthermore, temperatures favorable to 
bacterial development cause nitrification to proceed rapidly. 

In sewage farming and intermittent filtration through beds of Imnd 
and other fine materials, the production of high nitrates is an evidence 
of oxidation practically as complete as can be secured. Where sewage 
is applied to beds of very coarse materials and conditions do not closely 
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'simulate those of the natural soil, oxidation is not so complete and 
nitrates are not found in such large quantities. 

Throughout the changes incident to putrefaction and oxidation there 
sre manifest both symbioaiSy or cooperation, and antibwaiSy or antago¬ 
nism. Sometimes the products of cell activity from one species serve 
as nutritive substances for the growth and reproduction of another 
species. Thus there is an interlocking of activity. A^airi, the products 
of one kind of cell may inhibit the growth of another, making life for 
the latter difficult or impossible. 

The decomposition of sewage is generally the result of both putrefac¬ 
tive and oxidizing processes. Putrefaction may be the first stage, 
oxidation the second. Putrefaction does not necessarily imply total 
absence of free oxygen. It mav proceed in the presence of free oxygen 
inside the masses of sewage matter without, however, giving rise to 
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Fig. 3.—-Oxygen requirements of fresh sewage. 

objectionable conditions. Strictly anaerobic conditions are only found 
when long storage of sewage or sewage matters as in so-called septic 
tanks or sludge-digestion tanks depletes the dissolved-oxygen content 
of the sewage, or when streams or otner bodies of water are overloaded 
with sewage. Septic conditions are often produced, however, in long 
outfall sewers and parts of the sewerage system in which steady or self¬ 
cleaning flov/ is not maintained. It is important to remember that as 
long as any oxygen remains in solution, even though putrefaction is 
in progress, decomposition will not give rise ordinarily to offensive 
conditions. 

The Oxygen Requirements of Decomposing Sewage. —The oxygen 
requirements of fresh decomposing sewage, as measured by the bio¬ 
chemical oxygen demand, or test, are illustrated in Fig. 3- 

As shown there are two stages. A^ 20®C., lor example, the first stage 
extends to about the sixteenth day and is characterized by a gradual 
falling off in the quantity of oxygen used up in equal time intervals. 
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A t^ausition is then made to the second stage, during which transition 
the rate of oxygen consumption increases until about the twentieth 
day, after which the rate, although lower than during the transition 
stage, continues to be fairly high and constant for a protracted period 
of time. The second stage is known as the nitrification stage, because, 
during it, oxidation of the nitrogenous organic matter to nitrates 
takes place. At higher temperatures, the first stage is shortened in 
time; at lower ones, it becomes longer. 

Mathematical studies of the deoxygenation curve show that during 
the first stage the consumption of oxygen is proportional to the oxygen 
requirement of the sample at any time, i.e., to the amount of the unde¬ 
composed organic matter remaining. 

This can be formulated as follows: 

If L — B.O.D. in p.p.m. exerted by organic matter during first stage, 
and 


then L — Lt 


Lt = B.O.D. in p.p.m. remaining after time t 
Xt = oxygen in p.p.m. used up in t days, as determined 
by the B.O.D. test 

= K'y where A'' is a constant 


-X' 


*LtdLjt 

L] 

L 


log = log 


- -K,I, 


where K\ = 0.4343iC' = the deoxygenation constant 


.o-~ 

Xt= L-Li = L(1 - 


Chemists call this a unimolecular reactionj because the velocity of 
the reaction is controlled only by the concentration of the oxygen- 
requiring substances, the amount of oxygen present being sufficient to 
oxidize these substances as soon as they are freed. The formula devel¬ 
oped by calculus is merely a variant of the expression for compound 
interest, 


L, = L(1 -f- ry 


where Lt = capital after time t 
L « original capital 
r rate of’interest 
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The B.O.D. decreases at a uniform rate, the decrease being deter¬ 
mined in a unit of time by the B.O.D. remaining to be satisfied after 
each unit of time, just as money increases at a uniform rate, the increase 
in a unit of time being determined by the capital accumulated to draw 
interest after each unit of time. Since a decrease and not an increase 
takes place, the value of r is negative and 

log^ = Hog (1 — r) = --Kit 
log (1 ~ r) = -Ki 


The deoxygenation constant ifi, it has been determined, is 0.100 at 
20 ®C. The rate of deoxygenation naturally changes with temperature, 
as do all biologically activated processes. From considerations of 
physical chemistry and actual test, the deoxygenation constant Ki at 
any temperature T, Kut) = iCi(2o)[1.047^"‘20] Temperature, further¬ 
more, affects the magnitude ti the first-stage and the first-stage 

demand L at any temperature T has been found to bear the following 
relation to the first-stage demand at 2 (fC,:LT = L2ofl + 0 . 02 (T — 20 )]. 


Example .—An example will illustrate the use of these equations. Let 
it be required io find the 1-day, 37®C. B.O.D. of a sewage whose 5-day, 
20°C. B.O.D. is 100 p.p.m. The first stage, 20®C. B.O.D. is found as 
follows: 


Since log 


L ~ Xt 




log —- 199 = -0.100 X 6 = 0.500 - 1 


L - 100 


= 0.316 


r 100 ,.o 

This result could have been found also from Table 8, 


L = 


100 

0.68 


148 p.p.m. 


The first stage, 37°C. B.O.D. is therefore: 


1/37 - L2o[1 + 0.02(T - 20)] - 148[1 -f 0.02(37 - 20)] = 198 p.p.m. 
and since 


Xion - K,(20) (1.047^-2®) = 0.100(1.047^’^ = 0.218 
log -0.218 X 1 = 0.782 - 1 

= 0.606 and the. 1-day, 37°C., B.O.D., X, = 78 p.p.m. 

If the oxygen present in a sample of sewage is used up in t days by 
biochemical activity, the B.O.D. in parts per million of the sample.Xt 
must be equal to the oxygen originally available. The percentage ratio 
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of the oxygen available, Xt, to the oxygen inquired during the first stage, 
L, is then called the relative stability, jS, of the sewage. 

At 20‘’C., S = ^'lOO - 100(1 - 10-® >') - 100(1 - 0.794<). 

This relationship is the basis of what is called relative stability and is 
employed chiefly in connection with the methylene blue test. If 
t = 10, for example, S = 100(1 — 10“^) = 90, and the relative stability 
of a sample of sewage that does not decolorize methylene blue at 20°C. 
until 10 days have elapsed is said to be 90 per cent. The relative- 
stability numbers obtained in this way for a temperature' bf 20°C. are 
shown in Table 8, from '^Standard Methods^^ (10). 


Table 8.—Relative-stability Numbers 


Time required 
for decoloriza- 
tion at 20®C., 
days 

Relative stabil¬ 
ity, per cent 

Time required 
for decoloriza** 
tion at 20®C., 
days 

Relative stabil¬ 
ity, per cent 

0.5 

11 

8.0 

84 

1.0 

21 

9.0 

87 

15 

30 

10.0 

90 

2.0 

37 

11.0 

92 

2.5 

44 

12.0 

94 

3.0 

50 

13.0 

95 

4.0 

60 

14.0 

96 

5.0 

68 

16.0 

97 

6.0 

75 

18.0 

98 

7.0 

80 

20.0 

^99 


It is evident from the shape of the deoxygenation curve that the 
equations just discussed and the relative-stability table can be used in 
computing the B.O.D. for a given period from the 5-day or 10-day 
B.O.D. tests only when decomposition of the sewages examined lies 
within the period of the first stage. Use of the relative-stability 
numbers in Table 8, it must be remembered also, is restricted to 20°C. 
tests. 

Constituents and Properties of Sewage Sludge.—Fresh sludge is 
made up of the settling solids from raw sewage or from sewage that 
has received some form of treatment as, for example, the effluent of 
trickling filters or the aerated sewage from the activated-sludge process. 
The nature of the materials found in the settling solids already has been 
discussed. The character of sludge, as regards appe^ance, piitr^sci- 
bility, digestibility t^nd air drying qualities, varies greatly with the type 
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and time of treatment that produces it. The differences are discussed 
in a subsequent chapter. 

The volume of sludge produced from sewage is relatively large, 
owing to the great content of water, which normally amounts to 85 
to 98 per cent by weight of the material. The proportion of water in 
sludge depends upon the method of separation and digestion to which 
it has been subjected. The same may be said of the cojnpleteness 
with which the excess water may be removed by drying processes. 
In practice it is desirable to carry as low a content of water as possible, 
both before and after drying, with the qualification, of course, that the 
sludge before drying should contain enough water to permit it to flow. 

The organic content of sludge is high. There is less in digested sludges 
than in those from septic and plain sedimentation tanks. Organic 
matter in sewage after being deposited by sedimentation, has a con¬ 
siderable tendency to go slowly into solution, by virtue of the presence 
in its structure of certain substances that are soluble and which, in 
going into solution, exercise a dispersive effect upon the solid organic 
matter. Bus well (5) comments on the behavior and changes in organic 
matter in sludge deposited by sedimentation as follows: 

The animal and vegetable matter of which it is composed consists largely 
of organic compounds containing either hydroxyl, carboxyl or amine groups 
or all three. These groups are soluble in water and act as solution links 
tending to favor the dispersion of the compounds in water. Many of these 
compounds are characteristically sticky or gluey, tending to take up water, 
first swelling to gels and then dispersing to sols. If solution, or perhaps 
more properly dispersion, of these solids is allowed to take place in such a 
manner that the liquefied products are returned to the main body of the 
sewage liquor, the reduction in oxygen demand accomplished by sedimenta¬ 
tion will be proportionately offset. The solids are of such a nature that they 
cannot be removed and exposed in the open air without creating a nuisance. 
They are allowed to undergo a rotting process while submerged and in a 
compartment or tank separated from the sewage liquors. The object of 
this rotting . . *. is to produce a relatively insoluble, inert, and stable 
organic residue of a compact granular texture which may be separated 
readily from the associated liquid by draining. This process is most often 
referred to as digestion but is sometimes called septicization. 

Not all the organic matter in sludge is capable of digestion, even 
after a period of years. After sludge has undergone digestion, however, 
the resultant material is relatively inert and humus-like in its properties. 
In practice, the total solids in digested sludge may amount to 55 to 66 per 
cent by weight of the original solids in fresh sludge from plain sedimenta¬ 
tion. The volume relations, however, are somewhat different. Bus- 
well (5) states: 

The volume of the sludge is reduced in a much greater ratio than is the 
weight, due to the destruction of the ^/ater-binding colloidal character of 
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the organic matter. The volume reduction may frequently amount to 76 
per cent. 

Included in the organic content of sludge is a small percentage of 
grease/^ a general term that includes saponifiable and hydrocarbon 
oils, fats from kitchen refuse and industrial wastes, and soaps. These 
materials are carried down from the sewage. They are particularly 
resistant to natural decomposition, tend to clog the pores of filters and 
are a detriment to the use of the sludge for fertilizing purposes, inasmuch 
as they interfere with the full utilization of fertilizing constituents and 
clog the interstices of the soil. 

The fixed-solids content, or mineral matter, of fresh sludge consti¬ 
tutes about two fifths of the total material. It is made up largely 
of silica in the form of sand or combined as clay or rock material. In 
addition, there is a small quantity of aluminum, calcium, magnesium 
and sulfur compounds. Iron is another mineral constituent of sludge, 
occurring in the form of sulfide and hydroxide. 

Among the more important constituents of sewage sludge are those 
that are responsible for whatever fertilizing properties it may pos¬ 
sess. Chief among these are organic nitrogen and phosphorus com¬ 
pounds. Potash salts are soluble and so are not retained in material 
quantity. The organic nitrogen is not directly available for plant use 
but a portion of it becomes so, by virtue of the activity of bacteria in 
the soil which convert it to ammoniumtealts and nitrates. Phosphorus is 
in combination as phosphates of calcium, iron or aluminum, being pre¬ 
sent to the extent of 1 or 2 per cent, computed as P 2 O 6 . Most of the 
phosphates in sludge are only slightly soluble and so may be assimilated 
only slowly by plants. Further discussion of the fertilizing value of 
sludges is given in subsequent chapters. 

Bibliography 

1. Kept. Metrop. Sewerage Comm, of New York, 1910. 

• 2. Phelps, E. B.: Tech. Quart., 1905; 18, 40. 

3. Pvh. Health Bull 132, U. S. Pub. Health Service, 1923. 

4. Whipple, G. C.: ‘‘Microscopy of Drinking Water,” 4th ed., 1927. 

6. Buswell, a. M.; “Chemistry of Water and Sewage Treatment,” 1928. 

6. Thom, Charles, and A. C. Hunter: “Hygienic Fundamentals of Food 

Handling,” 1924. 

7. Kinnicutt, L. P., C.-E. A. Winslow and R. W. Pratt: “Sewage 

Disposal,” 2d ed., 1919. 

8. Hbuser, Emil: “Textbook of Cellulose Chemistry,” trans. by C. J. West 

and G. J. Esselen, Jr., 1924. 

9. Borufp, C. S., and A. M. Buswell: Ind. Eng. Chem., 1929; 21, 1181. 

10. “Standard Methods for the Examination of Water and Sewage,Am. 

Pub. Health Assoc, and Am. Water Works Assoc., 7th ed., 1933. 



CHAPTER IV 


ELEMENTS OF SEWAGE ANALYSIS 

Broadly speaking, it is the aim of sewage treatment to remove the 
suspended or readily settling portion of the sewage matters as an inoffen¬ 
sive or even marketable sludge and to oxidize the soluble and colloidal 
portion. It should be the aim of sewage analyses, therefore, to provide 
information upon which treatment methods can be based and from 
which the efficiency of performance can be gaged. 

Significance of Analyses in Sewage Treatment and Disposal.— 
Removal of suspended matter is accomplished by screening or by 
sediinentaiion^ the former collecting onlj^ the coarser particles, the latter 
those matters which will settle readily when the velocity of flow is 
checked. The fresh solids obtained, being in part organic in nature, 
remain offensive. Before they can be disposed of, therefore, it is 
commonly necessary that they be rendered stable. This is accomplished 
best by permitting them to decompose at the plant in digestion tanks. 
Design of screens and of sedimentation and digestion tanks, therefore, 
requires a knowledge of the quantities and nature of the suspended 
matters in sewage. It is necessary to know how much material probably 
will be removed by screening or sedimentation, what the screenings or 
sludge will be like and how much material must be handled, dried and 
finally disposed of. 

Oxidation of soluble and colloidal matter is accomplished by filtration 
or aeration^ which may remove and at the same time dispose of suspended 
and colloidal material not removed by sedimentation. Analyses of the 
sewage therefore must furnish informadon upon the load to be handled 
by these devices. This is gaged by the analyses for organic matter in 
the sewage and its oxygen demand. In the past, determinations of 
nitrogen and of carbonaceous matter have been used extensively for 
this purpose. In lecent times the quantity and condition of the organic 
matter are being measured more directly by the oiochemical-oxygen- 
demand test. 

Destruction of organic matter in sewage treatment is brought about 
by the activities of hosts of living organisms, particularly bacteria. 
Although they are, therefore, of great importance, the identification and 
enumeration of these organisms seldom are attempted except in a rough 
way because of the difficulties involved. Sewage-treatment processes, 
however, arc selected and controlled with a view to providing the 
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desirable forms of life with environmental conditions in which their 
activities will be promoted. Among the analytical determinations that 
are of assistance are those of temperature and hydrogen ion concentration. 

Performance of the various treatment processes is gaged by operating 
records that give the analyses of the untreated and treated sewage. 
The efficiency of each process is determined by suitable tests whose 
judicious selection is, therefore^ an important matter. 

Sewage, whether treated or not, ultimately must be disposed of either 
on land or into water. Most commonly, sewage is discharged into 
streams, lakes or tidal estuaries. Here the sewage undergoes the 
natural purification processes active in all waters, standing or flowing. 
The processes of self-purification are much like those that have been 
developed for the artificial cleaning of sewage in treatment works. 
The load of sewage which a given body of water can receive without the 
creation of offensive conditions is strictly limited. 

In sewage disposal, the quantity and character of the suspended 
solids and the oxygen requirements are again the most significant infor¬ 
mation to be obtained. Knowing the character of the watercourse 
into which the sewage is discharged and the uses to which its waters are 
put, these tests may be employed to determine whether the sewage can 
be discharged in a raw state or whether it must be treated first and how 
far the treatment processes must be carried. It should be remembered 
that the real object of sewage treatment is to prepare the sewage for 
disposal. The use of many watercourses for sources of drinking-water 
supplies or for recreational purposes necessitates the use of most of the 
common tests germane to a water analysis. These, however, are per¬ 
formed on the water rather than on the sewage it receives. 

In the operation of treatment and disposal works the information 
presented in sewage analyses will serve a fourfold purpose ks follows: 

1. To measure the efficieiK^y of ])la.nt opc^ration and of the various treat¬ 
ment processes employed. 

2. To indicate modifications of operating methods for greater efficiencry. 

3. To provide information for the design of extensions to the plant or 
for the design of other similar plants. 

4. To establish the character of the effluent from the plant, particularly 
in regard to stream pollution. 

PHYSICAL AND CHEMICAL EXAMINATION 

Collection of Samples. —Owing to the variable nature of sewage and 
industrial wastes, from the standpoint of locality as well as time of 
production, it is necessary to obtain samples, planned and taken intel¬ 
ligently, in order to derive from them a correct knowledge of the character 
of the sewage or wastes. The results of analysis of a single sample 
usually mean little.. It is advisable to secure a series of samples and to 
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be guided by the average results of analyses, giving due consideration 
to the variations. It is possible, however, to be misled by both average 
results and analyses of Lsolated samples, unless the conditions of sampling 
are known and appreciated. 

Sampling of sewage, industrial wastes and effluents from treatment 
works commonly involves the collection of composite daily or sometimes 
weekly samples. Individual portions are taken at frequent intervals, 
half-hourly or hourly, and are mixed at the end of the sampling period or 
combined in a single container as collected. Whenever pc^ssible the 
individual portions should be combined in volumes proportionate to the 
rates of sewage flow. Proportioning is done conveniently by taking a 
simple multiple in cubic centimeters of the flow in million gallons daily 
or some other unit of flow. A suitable factor must be chosen to give the 
desired volume for the comp osite sample, which should not exceed 
4 liters, according to “Standard Methods'^ (1). 

Preservation of Samples.—Sitice sewage decomposes rapidly on stand¬ 
ing for a comparative!}' short period of time at room temperature, it is 
important that the anah sis bo made as soon as possible after the sample 
is collected. Certain determination such as that of dissolved oxygen, 
should be made on the spot. The rate of decomposition may be lessened 
materially by keeping the samples at a low temperature, as in a refriger¬ 
ator. Even at this temperature, however, changes will take place. 
When the analysis cannot be performed within 4 to 6 hr. after collection, 
a preservative must be added to the sample. Chloroform, formaldehyde 
or sulfuric acid is used for this ijurpose. Some sterilizing agents interfere 
with certain analytical determinations, so that sometimes it is found 
desirable to sterilize two different portions of the sample, each with a 
different germicide. 

The quantity of sterilizing agent retjuired depends upon the character 
of the sample. For strong sew^age, it may be necessary to use the 
equivalent of 1 to 2 cc. of the concentrated chemical solution to each 
500 cc. of the sample. For the determination of relative stability or 
biochemical oxygen demand, samples must be free from preservatives. 

Mechanical Equipment for Sampling.—For the purposes of eliminat¬ 
ing errors due to the human element, reducing the personnel required in 
taking samples and obtaining a more continuous and uniform sample 
than can be obtained by hand sampling, an automatic sampler has been 
designed and developed by the Sanitary District of Chicago. One of 
these devices, designed for use at the West Side works, is illustrated 
in Fig. 4. 

The sampler consists of a bucket attached to a piston head on the end 
of a piston rod, operating vertically and driven through a crankpin and 
connecting rod by a horizontal-shaft motor and reducing gear, as well 
as a sampling compartment or weir box, all attached to a rigid structural- 
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steel frame. The liquid enters the weir box on one side near the bottom 
and flows over a weir. The bucket picks up the sample below the 
surface at the bottom of the stroke. At the top of the stroke the 
bucket trips and spills into a gallon collecting-bottle through a funnel. 
The bucket is operated by a J'^-hp., 1140-r;p.m. motor and 4000: 1 
reducing gear, thereby giving one sample every 4 min., and is of such 
capacity as to fill a gallon bottle in 24 hr. 


Crank At 
Mohr. 


Connecting, 
Rodl 


Side View and Part Section 


CffJucifPipe 



Fig. 4.—Automatic sampler, West Side treatment works, Chicago. 


Expression of Analytical Results.—In reporting the results of chemical 
analyses of sewage, it is customary to employ for most determinations 
the units, parts per million. The exceptions to this general rule, as well 
as the method of expressing the results of physical tests, will be dis¬ 
cussed in connection with the methods of making the individual tests. 
Formerly chemical results were expressed in grams per gallon or in parts 
per 100,000 and these methods of notation are still in use at some lava¬ 
tories. Table 0 will be found convenient for converting results expressed 
in one way into' those expres^ in another. 
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Table 9.—Relations between Grains per Gallon, Parts per 
100,000 and Parts per Million 


Unit 

Grains per 
U. S. 
gal. 

Grains per 
Imperial 
gal. 

Parts per 
100,000 

Parts i>er 
million 

1 grain per U. S. gallon.... 

1.000 

1.20 

1.71 i 

i 17.1 

1 grain per Imperial gallon. 

0.835 

1.00 

1.43 

14.3 

1 part per 100,000. 

0.585 

0.70 

1.00 

10.0 

1 part per million. 

0.058 

0.07 

0.10 

1.0 


“Parts per million” really means the weight of the specified sub¬ 
stance present in 1,000,000 parts b 3 ^ weight of the sewage examined. 
As a matter of practice, however, the weights of the substances found 
are so small, relatively, that the specific gravity of the liquid is neglected 
or, more accurately, is issumed to be equal to that of pure water, unity, 
and a measured volume of the liquid is used for analysis. 

As indicating the efficiency of a, treatment plant, it is often the 
practice to record the “]^)ercentage removed” of various constituents. 
This term may be applied accurately in the case of certain ingredients, 
as suspended matter like silt; if 1 part is removed from 1,000,000 parts 
of sewage and 3 parts remain, it is correct to state that 25 per cent of 
this suspended matter has been removed. If, however, instead of 
actually being removed, a substance merely has been altered in char¬ 
acter, it may not be strictly accurate to refer to the changed condition 
in terms of “percentage removed.”’ In order to avoid a misurder- 
standing it is preferable to use the term “percentage reduced.” 

Physical Tests. —As a part of the analysis of sewage and effluents, 
observations sometimes are made of the temperature, turbidity, sus¬ 
pended matter and color of samples. Usually such observations are 
not considered essential, although they may be helpful in special cases. 

The temperature of raw sewage is sometimes recorded as it comes 
to a treatment plant, for this temperature may have an important 
bearing on the efficiency of various treatment processes. In collecting 
a sample for the d.etermination of dissolved oxygen, the temperature 
of the sample must be taken, in order to find the percentage saturation, 
and commonly is recorded to the nearest degree of the centigrade scale. 
Likewise, the temperature of individual components of a composite 
sample may be noted at the time of collection. 

In making turbidity observations of polluted waters it is not ordi¬ 
narily necessary to go to the refinement required with potable water. 
It is generally sufficient to designate the turbidity as “slight,” “dis¬ 
tinct,” “decided,'-' “extreme,” etc. Only in rare cases is it necessary 
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to record the visible susi)ended matter and in such cases it should be 
reported as “slight,’^ ‘distinct/’ or “decided.” 

The color of effluents or waters into which sewage and effluents are 
discharged is not ordinarily significant. In unusual cases, however, 
owing to the discharge of industrial waxstes, it may be important to 
note the color in general terms. 

Observations of the odor of water containing sewage or effluent, or 
of an effluent itself, may furnish valuable information, but this is not 
usually the caxse with sewage. Water in a stream may appear quite 
free from odor, when observed in the Uxsual way, but if it is examined 
in a bottle, a very different impression may be gained. 

For such an examination the sample should be shaken vigorously 
in a collecting, bottle when it is one half to two thirds full, and the 
odor observed by quickly placing the nose to the mouth of the bottle. 
Some samples, which yield only a slight odor when cold, will give off a 
decided odor upon heating, owing to either of two cauxses: the odor may 
be distributed through the water in such a way that it is not expelled 
readily upon shaking but is driven off upon heating, or the water may 
contain organic matter, from which odoriferous compounds are distilled 
upon heating. Where odors lire caused by gases dissolved in the sample, 
they are sometimes liberated so completely by shaking the sample that 
a second shaking will not produce further odor. Therefore, in cases of 
doubt, another sample should be tested. Where the observed odor is 
caused by organic substances, it usually will persist and may change 
in quantity and character as the sample is kept, owing cither to 
multiplication of organixsms, as in the case of surface waters, or to 
decay of such organisms or of other organic matter, as in the case of 
sewage. 

The quality of an odor generally is expressed by a descriptive epithet, 
such as aromatic, disagreeable, earthy, fishy, grassy, musty, sweetish 
and vegetable. The intensity of an odor may be recorded by a numeral 
prefixed to the term expressing quality. “Standard Methods” (1) 
suggests the following numerical scale for intensity of odor: 0, none; 
1, very faint; 2, faint; 3, distinct; 4, decided, and 5, very strong. 

Determination of Solid Matters.—The quantity of solid matter in 
sewage is determined by evajxjrating a known volume of sewage and 
drying and weighing the residue. This residue is a measure of the 
total solids in the sewage. If this residue is ignited, i.c., heated suffi¬ 
ciently to burn off the volatile matter, the weight of the remaining 
substances gives the so-called fixed solids^ or approximately the mineral 
matter. The difference in the weights of the total solids and fixed solids 
is called the Zoss on ignition and is a measure of the volatile solids^ or 
approximately of the organic matter. Ignition gives an idea of the 
quantity but not of the chara^r of the organic matter present. 
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By filtering the sewage through filter paper or some other filtering 
medium before evaporation and ignition, it is possible to determine the 
quantities of fixed and volatile dissolved solids and suspended solids 
either from the filtrate or from the matter deposited on the filtering 
medium, or from both. This approach does not isolate the colloidal 
matter from the suspended and dissolved solids. Some of the colloidal 
solids will be reported as suspended solids and some as dissolved solids. 
The method of filtration always should be stated. There is at present 
no simple or standard test for colloidal matter and the term is used 
somewhat loosely as applying to finely divided matter that does not 
settle readily. 

By settling solids is understood commonly the quantity of sludge 
or sediment, expressed in cubic centimeters per liter, in per cent by 
volume or in parts per million by weight, which 
will be deposited from a given quantity ol sev^age 
in a certain interval of time. The readiest method 
of approximately meisuring the volume of settling 
solids is with the aid of an ^^Imhoff cone,’* a glass 4 
in. in diameter at the top, 10 in. tall and tapering to 
the size of a thimble at the bottom. It is graduated 
in cubic centimeters at the bottom and holds 1 liter, 
as shown in Fig. 5. The cubic centimeters of sludge 
commonly are read after allowing the sample to stand 
for 2 hr. The method of settling and the time should 
be noted. If the weight of the settling solids is to 
be found, which is the only way to make an accurate 
determination, the supernatant liquid is decanted and 
its content of total solids determined. The settling 
solids are then obtained by computing the difference 
between the total solids content of the unsettled sam¬ 
ple and that of the settled sample. 

At present no test is made to determine the quan¬ 
tity of floating matters in sewage, apart from the 
determination of oils and fats. This result will include some matter 
which will settle an.i some which will be dispersed throughout the liquid. 

The physical cnridition of the principal constituents of sewage of 
medium strength and .the average quantities of each are shown in 
Fig. 1. 

Determination of Organic Matters.—The tests for organic matters 
in sewage shown in Table 3 are designed to give information on: 

1. The quantity and physical character of organic matter. (Tests for 
volatile solids, total, suspended and dissolved.) 
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2. The quantity and character of nitrogenous matter. (Tests for albu¬ 
minoid and total nitrogen, which commonly are considered together with 
the tests for nitrogen in mineral form, ammonia,* nitrite and nitrate nitrogen.) 

3. The quantity and nature of carbonaceous matter. (Test for oxygen 
consumed.) 

, 4. The oxygen avidity of the sewage. (Tests for biochemical oxygen 
demand and relative stability.) 

5. The presence of fats and oils. (Test for ether-soluble matter.) 

The tests for volatile solids or loss on ignition already have been 
discussed. They do not measure the nature of the organic matter 
present but only the state in which organic matters occur. 

The nitrogenous matter in sewage is derived from urea and the 
proteins and their products of decomposition. Organic nitrogen is 
determined by the Kjeldahl method. The sewage is boiled with strong 
acid which liberates the nitrogen in the complex organic substances. 
This is converted into ammonia and determined as such. Albuminoid 
nitrogen is supposedly that part of the organic nitrogen which is broken 
down most readily. It is determined by boiling sewage with a chemical 
oxidizing agent in an alkaline solution and catching the ammonia 
distilled off. Ammonia niirogeny formerly called *‘free ammonia,” is 
driven off when sewage is boiled or distilled without the addition of 
chemicals. It can be determined also by adding suitable reagents to the 
cold sample, a method known as direct nesslerization. Nitrite and 
nitrate nitrogen commonly are found by adding to the sewage chemical 
reagents that will impart certain colors to it. These colors are com¬ 
pared with those produced by known quantities of nitrites and nitrates. 
Other methods are also available, such as the chemical reduction of 
these oxidized products to ammonia and the determination of the 
latter. 

There is no reliable test for determination of the carbonaceous matter 
in sewage. If total carbon could be found readily it would be a valuable 
measure of total organic matter present. The test for oxygen consumed, 
although sonaetimes thought of as measuring carbonaceous matter, 
actually gives only the quantity of oxygen that sewage will absorb 
from potassium permanganate when boiled or heated with acid for a 
given length of time. It does not give the total oxygen needed for 
chemical oxidation of all organic matter. The time and temperature 
employed in this test should be stated. 

Decomposition and mineralization of organic matter by bacterial 
activity are accompanied by depletion of the dissolved oxygen. The 
avidity of sewage for oxygen, therefore, reflects both the nature and 
quantity of the organic matter it contains. There are two tests that 
measure this characteristic. The first is known as the biochemical 

1 Includes both organic and inorganu^substances. 
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oxygen demand, B.O.D., of the sewage and the second as its relative 
stability. 

The biochemical oxygen demand cumnionly is ascertained by diluting 
the sewage with distilled water to which 300 p.p.m. of sodium bicar¬ 
bonate has been added, holding the sample at a constant temperature 
for a certain length of time and noting the difference in the dissolved 
oxygen content at the beginning and end of the test. It is common 
practice to determine the B.O.D. at 20°C. after incubation for either 
5 or 10 days. The sample must fill a glass-stoppered bottle, so that 
no oxygen can be absorbed from the air. This is a delicate test and 
requires a thorough appreciation of the conditions requisite for its 
satisfactory conduct. 

In the relative-stability test, use is made of the fact that methylene 
l)lue, an organic dye substance, is decolorized when the oxygen in the 
sample is exhausted. The test is performed by adding a small volume 
of methylene blue solution to the sewage in a filled glass-stoppered 
bottle, holding it at a constant temperature, commonly 20°C., and 
noting the time elapsed before the blue color disappears. The value 
is a measure of the relative stabiliiy of the samy)le as compared with one 
which would not become decolorized during the initial stage of oxidation. 
The results of this test usually are reported in percentage, as in Table S. 

The reduction in oxygen content in both these tests is due to the 
activity of living organisms in the sewage. For this reason a disinfected 
or highly acid or alkaline sewage or effluent must be adjusted to normal 
conditions and seeded with living organisms before the tests are per¬ 
formed. The laws of oxygen depletion have been formulated and can 
be used to extend the information gained from either test. 

Fats and oils in sewage are derived from animal and vegetable 
matter or from wastes such as those of garages and gas works. Their 
(piantity is determined as ether-sohible matter, by liberating with acid 
the fatty acids, after evaporating the water, and dissolving them in 
ether which is then driven off, leaving behind the ether-soluble matter 
which can be weighed. 

Asi^e from the test for fats and oils, the tests for organic matter 
attempt to measure chiefly the concentration and condition of that 
portion of the sewage which draws upon the oxygon resources of the 
bodies of water into which the sewage is discharged. For this reason 
the tests that measure directly the oxygen avidity of the sewage have 
come to be the most important. The tests for nitrogen and oxygen 
consumed are time-honored tests which have been applied to sewage 
after being developed for water analysis. Of the nitrogen determina¬ 
tions, the tests for organic nitrogen and for nitrite and nitrate nitrogen 
are reliable. The tests for albuminoid and ammonia nitrogen are quite 
unreliable, especially the former. Measuring only a portion of the 
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decomposable stibstances, the nitrogen determinations yield but 
scanty information as far as the broader aspects of sewage treatment 
and disposal are concerned. While they, as well as the oxygen con¬ 
sumed test, have lost a great deal of their former importance since the 
introduction of the biochemical oxygen demand test, they are still in 
general use, largely because of the store of information available through 
them from the past. Certain of the tests, too, remain of specific value 
in a number of treatment processes. The test for ammonia nitrogen, 
for example, appears to be of value under some conditions. Comparison 
of effluents from treatment works on the basis of nitrification, i.e., 
nitrate production, is not justifiable, since it depends upon the quantity 
of nitrogen originally present in the sewage and, like the other nitrogen 
determinations, measures only part of the work accomplished. The 
degree of nitrification is of value, however, in judging the efficiency from 
some points of view of a particular plant. 

Dissolved Oxygen. —It is important not to confuse th(i determination 
of dissolved oxygen with that reported as ‘^oxygen consumed,” which 
is used as a measure of the carbonaceous matter present in sewage. 
The dissolved oxygen test is made to ascertain the quantity of atmos¬ 
pheric oxygen which is dissolved in the given sample of sewage, effluent 
or polluted water. In collecting a sample for this test, extreme care 
must be exercised in order to avoid the entrainment or absorption of 
any oxygen from the air. The test should be carried out immediately 
after collection of the sample. 

The quantity of dissolved oxygen in the sample is determined by 
using it to liberate iodine from an excess of alkaline potassium iodide, 
added to the sample in the presence of manganous sulfate, and deter¬ 
mining the quantity of iodine thus liberated. The results of the 
dissolved oxygen test may be reported either in parts per million, cubic 
centimeters per liter or percentage of saturation. 

Hydrogen Ion Concentration. —The hydrogen ion concentration is an 
expression of the intensity factor of alkaline or acid properties as 
opposed to the quantity factors, ‘‘alkalinity” and “acidity.” As 
explained in Chap. Ill, the H ion concentration generally is represented 
by a series of numbers, called “pH values.” In determining pli values 
in sewage analysis, use commonly is made of the fact that certain 
organic dye substances, called indicators, manifest sensitive color 
changes at different H ion concentrations. Comparison of these colors 
with colors produced in solutions of known H ion concentration is made 
readily and will give the desired information. For details in regard to 
this determination, reference may be made to Clarkes book on the 
subject (2), 

Determination of Mineral Matters. —The determination of a number 
of the mineral constituents of ^wage, such as the fixed solids and 
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mineral forms of nitrogen, already has been discussed. Most of the 
remaining forms of mineral matter are only of passing interest. 

When testing to determine the degree of alkalinity^ it is usual not 
to ascertain by analyses what alkaline salts are present but simply to 
determine the alkalinity from all sources. This is done by titrating 
against a standard acid, reporting the results in terms of parts per 
million of calcium carbonate. 

Avidity is determined by titrating against a standard alkali, expressing 
the results in terms of calcium carbonate required to neutralize. The 
results of such tests do not show to what acids or salts the acidity is due 
but simply the total acidity of the sewage. 

The hardness or ^‘soap-consuming powerof water is a measure of 
its- content of calcium and magnesium. Since no lather will form until 
sufficient soap has been added to combine with the salts of these ele¬ 
ments, this fact is used for determining hardness. The results of this 
determination also are reported in terms of calcium carbonate. 

Vhe chloride radio!ef- are determined readily by titrating against a 
standard solution of silver nitrate. 

Iron in sewage may be determined easily by adding to the sewage 
chemical reagents which inqjart a pink color to it. Tliis color is com- 
|)ared with that jiroduced by known quantities of iron. 

Mineral analyses, as far as their wuder application to sewage-disposal 
problems are concerned, are of secondary value. The test for chlorides 
sometimes is used to measure the concentration of sewage. Further¬ 
more, owing to hourly variations in concentration of sewage, the deter¬ 
mination of chlorides in influent and effluent of a treatment plant may 
afford a check upon the reliability of sampling methods. The deter¬ 
mination, however, is not of sufficient value to be made part of the 
routine examination of sewage. Of similar local or specific value are 
most of the other tests for mineral matter, such as alkalinity, acidity, 
hardness, sulfates, iron and heavy metals. The latter substances are 
sometimes of importance because of their germicidal action. The tests 
for alkalinity and acidity in their more general significance have been 
superseded by the determination of the hydrogen ion concentration. 

BACTERIOLOGICAL EXAMINATION 

Collection of Samples.—In collecting samples of effluents and polluted 
waters for bacterial examination, extreme care should be exercised 
against the contamination of the samples. They should be collected 
in bottles with glass stoppers, preferably of the flat mushroom type, 
holding for ordinary purposes about 4 oz. Prescott and Winslow (3) 
recommend wide-mouthed bottles. The bottles should be thoroughly 
cleansed in the laboratory with sulfuric acid and potassium bichromate, 
or alkaline permanganate of potash followed by sulfuric acid. Then 
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they should be thoroughly rinsed with distilled water, dried by draining 
and sterilized with dry heat at 170®C. for at least an hour and a half, 
or in an autoclave at 12()°C. for 15 min. Before sterilization, tlu^ 
bottles should be wra|)[)ed in cloth or paper, or the stopper and neck 
should be wrapped with tinfoil. 

When the sample is taken, the paper, cloth or tinfoil should be 
removed and the stopper withdrawn, care being exercised not to let the 
fingers touch anything which will later come into contact with the water 
collected. When collecting a sample of running water, the mouth 
of the bottle should be pointed upstream, in order that contamination 
from the fingers may be carried away from the bottle rather than into 
it. When samples are collected from still water, the same result may 
be attained by rapidly pushing the bottle through the water while it is 
being filled. When the sample is being taken from a tap or pump, 
the water should be allowed to run for a period of several minutes before 
the sample is collected. After the bottle has been filled, the stopper 
should be replaced immediately and the stopper or bottle rewrapped 
with the cloth, paper or foil originally protecting it. 

Preservation of Samples. —After a sample has been obtained, the 
number of bacteria in it may increase or decrease rapidly and it is 
therefore desirable to adhere to the recommendations of ‘^Standard 
Methods,^' (1) that the interval between sampling and examination 
should not exceed 12 hr. in the case of relatively pure waters and fi 
hr. in the case of impure waters. During the period of storage, the 
temperature should be kept between 6 and 10°C. If the sample must 
be transported a considerable distance before it is plated, the bottle 
should be packed in ice. This will prevent a rapid increase in the 
bacterial content, but it must be remembered that long-continued 
exposure to low temperature is inimical to bacterial life. 

Bacterial Counts. —Determination of bacteria in sewage, as in water, 
makes use of the fact that bacteria can be cultivated on suitable nutrient 
inedia and that different groups of bacteria will react differently to 
artificial environmental conditions. Three tests are in common use: 
the count of bacteria that develop on agar or gelatin at 20°C. in 48 hr., 
the count of bacteria that develop on agar at 37°C. in 24 hr. and the 
quantitative test for organisms of the coli aerogenes group. 

Agar and gelatin are so-called solid culture media. They contain 
besides certain nutrient substances enough agar-agar, a Japanese 
seaweed with gelatinous properties, or gelatin, itself a nutrient sub¬ 
stance, to render the mixture solid at the temperatures of incubation. 
If a known volume of sewage is placed in a sterile glass dish and melted 
agar or gelatin is added, a solid medium, in which the sewage bacteria 
are entrapped, results upon cooling. The organisms are isolated thus 
at the same time that they are provided with an abundant food supply. 
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If the glass dish is covered to keep out bacteria that might fall into it 
from the air and is held at a favorable temperature, single bacteria 
that were invisible to the naked eye will multiply and form colonies 
so large that they can be seen easily without the aid of a microscope. 
A count of the colonies with the aid of a magnifying glass will show the 
number of bacteria originally present in the sewage that will develop 
under the conditions of test. No method is known for readily ascertain¬ 
ing the exact number of bacteria in a liquid. The 20 and 37°C. counts 
merely give the number of organisms that develop on the particular 
types of culture medium at the specified temperatures in the particular 
time. Many of the most important sewage bacteria cannot grow under 
these conditions and, therefore, are not enumerated. The 20°, or 
room-temperature, count is supposed to measure the normal saprophytic 
flora of sewage. The 37° count is employed to enumerate those organ¬ 
isms that grow at the bodj^ temperature of man and warm-blooded 
animals and represents, therefore, in a general way the organisms 
of p&rasitic origin. As a matter of fact, no rigid demarcation of bacterial 
groups can be obtained by these two tests. 

The quantitative test for organisms of the coli uerogenes group, 
commonly called B. if carried to completion, is probably the 

best index of sewage jxdlution now available. Bacillus coli has been 
chosen as the standard indicator organism, because it occurs in large 
numbers in the excreta of man and the higher animals and is identified 
readily. While parasitic, it is not pathogenic, although it bears close 
resemblance to the causative organism of typhoid fever, from the 
standpoint of the environment in which both are found, as well as 
the length of life of the two germs under a variety of conditions. The 
standard test for B. coli is based on the fact that this organism ferments 
milk sugar, or lactose, to produce hydrogen and carbon dioxide gas, 
at the same time rendering the medium acid. Gas production in a 
nutrient medium containing lactose is, therefore, presumptive evidence 
of the presence of B. coli. By adding definite volumes of water or 
sewage to lactose broth quantitative info'rmation can be obtained, 
such as that coli is presumably present in 10-cc. but not in 1-cc. samples. 
For the complete test ^'Standard Methods(1) should be consulted. 

The numbers of B. coli may be determined also by direct count of the 
colonies developing on eosin-methylene-blue agar from incubation for 
24 hr. at 37°C. On this medium colonies of B. coli appear as very dark, 
almost black, spots and experienced observers have no difficulty in 
differentiating between these colonies and colonies of other organisms. 
Furthermore, this medium has a selective action and inhibits develop¬ 
ment of organisms other than B. coli. 

^ An abbreviation of Bacillus coli, recently renamed Escherichia coli after its discoverer. 
Kschericb, 
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In the case of sewage, bacterial counts are reported in numbers per 
cubic centimeter. Although bacterial examinations are used chiefly 
in connection with water-supply problems, they often are employed in 
sewage-disposal studies where bathing beaches or shellfish grounds are 
involved. Such examinations are also matters of routine at sewage- 
treatment plants using disinfection processes. 

Differentiation of Bacteria Other than B. Coli. -Much labor has been 
expended in isolating different species of bacteria and describing them, 
in order to make their future identification practicable. This is 
important, for while much can be learned by a study of a mixture 
of organisms, most progress will be made when the action of the several 
species is known and the environments required for the optimum 
development of each are defined. Up to the present time, however, 
tests for differentiating species other than B, coli have not been made 
practicable as a matter of routine. 

One of the most significant bacteria in sewage treatment would be 
B, typhosusy the causative organism of typhoid fever, provided it could 
be identified easilj'. The isolation of this bacillus from infected water 
is, however, a matter of great difficulty and uncertainty. Furthermore, 
most questions relating to the contamination of water supplies require 
data not only with reference to the actual presence of B, typhosus 
but also as to its probable or possible presence at some future time 
under similar conditions. Hence the consensus at the present time 
appears to be that the test for B. coli is the most satisfactory method 
of determining the extent of bacterial contamination and that an effort 
to isolate B. typhosus usually is not warranted. 

MICROSCOPICAL EXAMINATION 

Sewage and effluents rarely are subjected to microscopical examination 
in routine analytical work. Under certain circumstances, however, such 
a test may be of value in studies of the disj)osal of sewage into natural 
\faters. Microscopical analysis may be used to indicate the progress 
of the self-purification of streams, the presence in water of an excess of 
toxic industrial wastes or the presence of sewage contamination. The 
examination consists in the enumeration of the kinds of microscopic 
organisms in the water and an estimate of their quantity, together with 
a brief examination of the amorphous matter. P’or the method of mak¬ 
ing a microscopical examination reference should be made, to ^SStandard 
Methods^' (1) and for further details Whipple's book (4) should be 
consulted. 

EXAMINATION OF SEWAGE SLUDGE AND MUDS 

The routine examination of sewage sludge is important in the oper¬ 
ation of most sewage-treatment plants, particularly those in which 
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the. sludge is subjected to a process of digestion in preparation for 
further treatment and disposal. A similar problem sometimes is 
encountered in a study of the pollution of streams, where the character 
of deposits of sludge and muds may have to be studied. The more 
common tests to which these substances are subjected are outlined 
below. 

Collection and Preservation of Samples.—For the analyst of sludge 
and mud care must be exercised to obtain representative samples. 
In the case of wet sludge and of mud which is at or above the water 
surface, a number of individual samples may be collected and com¬ 
bined into a composite sample. The samples should be taken and 
composited in wide-mouthed bottles and kept in a refrigerator until 
analyzed. Ordinarily no preservative is required for sludge samples, 
unless they are to be kept for u week or more before analysis. If the 
hydrogen ion concentration is to be determined, however, a preservative 
should I)e added, unless the analysis is to be made within a few hours of 
collecfion. Tf deteriniuotions of fats are to be made by ether extraction, 
chloroform must not be used as a preservative. 

A representative sam])le of dried sludge may be obtained by shoveling 
it into a heap, dividing the heap into four aj)proximately equal parts and 
discarding two opposite quarters. The two remaining quarters are 
then shoveled into a hea]) and the process of division is repeated until 
the quantity remaining is suitable for analysis. Sludge from drying 
beds should be freed from adhering particles of sand or gravel as much 
as possible. 

Samples of iiiiul may be collected from the bottoms of streams and 
lakes by means of valved or slotted pipes, conical dredges, clam-shell 
buckets or other sampling devices. According to ‘‘ Standard Methods,’’ 
(1), samples may be preserved by adding 5 gm. of sodium benzoate 
or 2 cc. of concentrated sulfuric acid to 80 gm. of mud. 

Moisture and Specific Gravity.—The moisture content of sludge 
or mud is determined by subjecting a weighed quantity to evaporation 
on a steam bath and the^n in an oven at 103°C. The loss in weight is 
reported as moisture, which is expressed in percentage of the original 
sample. 

In determining the specific gravity of sludge or mud, a wide-mouthed 
flask or glass-stoppered bottle of known weight is used. It is filled first 
with distilled water, then with the substance which is being tested, 
and the weight is determined each time. If a bottle is used, care must 
be taken to avoid undue pressure in inserting the stopper. The specific 
gravity is equal to the ratio of the weight of sludge or mud to that of an 
equal volume of water. It should be recorded to the second decimal 
place. 
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Fixed and Volatile Solids.—Fixed and volatile solids are determined 
in the same way for sludge as for sewage. The results usually are 
reported in percentage of the dry solids in the original sludge. 

Reaction.—In determining the reaction or the hydrogen ion concen¬ 
tration of sewage sludge or muds, the standard practice is to make an 
a(iueous suspension of the substance by diluting it with an appropriate 
quantity of distilled water. According to Holmquist (5), dilution 
should not be greater than 15 parts of water to 1 part of sludge or mud, 
in testing the hydrogen ion concentration. 

Whether the sludge or mud is acid or alkaline may be determined 
in the atiueous suspension by the use of either methyl orange or methyl 
red and phenolphthalein as indicators. The hydrogen ion concentration 
may be measured in the manner outlined above for sewage and effluents. 

Fertilizer Analysis.—In examining a sludge from the standpoint of 
fertilizing value, the principal constituents of interest are organic 
nitrogen, phosphoric acid and potash. The nitrogen can be determined 
most accurately by distillation into acid according to the Kjeldahl 
method, as outlined above for sewage and effluents. The phosphoric 
acid is determined after precipitation in the form of ammonium phospho- 
molybdate in nitric acid solution, using ammonium molybdate as the 
l)recipitant. Similarly, the potash is found by precipitation in the form 
of |X)tassium platinic chloride, using platinic chloride as the precipitant 
and removing the sodium compounds by washing with alcohol. Tho 
results of fertilizer analyses are expressed in percentage by weight of 
the dried sludge. 

For details in regard to such analyses, reference should be made 
to the methods used by agricultural chemists (G). 

Grease.—The determination of the quantity of grease or fats in 
sewage sludge is made by ether extraction, the grease being found in 
the form of ether-soluble matter, as outlined for the determination of 
fats and oils in sewage. Continuous extraction for 6 hr. or longer with 
ethyl ether extracts gums, resins, waxes, etc., in addition to true grease. 
It is standard practice to use petroleum ether, which is inert with respect 
to gums, etc., but is as effective as ethyl ether in dissolving grease or 
fat. Continuous extraction is necessary for the complete removal of 
grease. The results of this test also are reported in percentage by weight 
of the dry solids in the sludge. 

Special Tests.—In addition to the tests commonly made upon sewage 
sludge and muds, which have been outlined above, several other con¬ 
stituents are sometimes investigated when there are special reasons 
for doing so. For instance, research has been made upon the bacteria 
and other microorganisms which are connected with the various stages 
of sludge digestion. The gases evolved in this process also have been 
the subject of much study, with a view to determining the practicability 
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of utilizing them. Another determination which has been made in 
special investigations is the biochemical oxygen demand of sludge 
deposits and muds from the bottoms and banks of polluted streams. 
Such tests are valuable in special cases, but with the possible exception 
of the analysis of sludge gases, they have not been adopted as routine 
procedure in the operation of treatment plants. 

EXAMINATION OF INDUSTRIAL WASTES 

The methods employed in analyzing liquid wastes from industrial 
establishments arc practically the same as those utilized in the case 
of domestic sewage, treatment-plant effluents and polluted waters. 
On account of the different kinds of wastes produced by various indus¬ 
tries, however, certain tests are more important in some cases while 
other tests are more significant in other cases. For instance, in examin¬ 
ing the wastes from iron works, wire-drawing plants or coal mines, one 
of file most important tests is the determination of acidity. In the 
analysis of iron-works wastes, another significant constituent is iron. 
Similarly, suspended solids may be important in wasces from rubber¬ 
reclaiming plants and tanneries; biochemical oxygen demand and 
bacterial counts in wastes from stockyards, tanneries and wool-scouring 
establishments; and fats in wastes from laundries and wool-scouring 
works. 

In some instances, special tests may have to be employed in order to 
reveal significant facts about certain wastes. This is exemplified by a 
test for tendency to form foam, which was used by the authors in 
examining the wastes from a glue factory. The wastes were discharged 
into a river just above a dam and at times the foam which formed at 
this dam floated downstream for several miles, causing complaints from 
riparian owners. Hence it was necessary to test the foam-forming 
tendency of the wastes as a matter of daily routine. 

In brief, the choice of determinations to be made in the routine 
analysis of industrial wastes should be based upon local conditions, as 
well as upon the characteristics of the wastes themselves. 

SEWAGE-WORKS LABORATORIES 

In view of the fact that sewage analyses play an essential part in 
maintaining the operating efficiency of sewage-treatment works, it is 
important that laboratories where such analyses are made, be suitably 
designed and equipped to fulfill thejr purpose. For this reason some 
of the main principles which govern the design and equipment of sewage- 
works laboratories are given below. 

Location and Layout of Space.—In order to conserve time and 

energy, the laboratory sometimes is located m near as possible to 
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the points where samples of sewage and effluents are to be collected 
regularly. This may involve the erection of a building solely for 
laboratory purposes, but in many cases the laboratory can be located 
in the administration building of the treatment plant. The latter plan 
has the advantage of combining the control and operating departments 
under one roof. If the laboratory is located in a building of more than 
one story, it is often on the top floor, where facilities for good lighting 
and ventilation are afforded. 



Fia. 6.—Plan of sewage-works laboratory at Fitchburg, Mass. 


The most completely equipped laboratories contain facilities for 
biological research as well as for chemical analysis. The difference in 
character of the two kinds of work makes it advisable to divide the 
laboratory into two distinct parts, chemical and bacteriological. In 
the case of large plants it may be advisable also to provide one or more 
constant-temperature rooms, well insulated against heat and cold, 
where a given temperature can be maintained by thermostatic control. 
For small plants the expense of such an installation probably is not 
justified. A stock room, for the storage of a reserve supply of apparatus 
and materials^ is ofton included in ^he design, as well as an office contain- 
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ing desks, bookcases and filing cabinets. A plan of the sewage-works 
laboratory at Fitchburg, Mass., which was designed for bacteriological 
as well as chemical work, is shown in Fig. 0. 

Equipment and Special Features.—Among the important items to be 
considered in the design of a laboratory are ventilation and lighting. 
Since artificial ventilation is usually necessary, various methods have 
been devised, ranging from a mere optming in tlie ceiling to an intricate 
system involving air sliafts, fans and blowers. In addition to such a 
ventilating system provision generally is made for a fume hood, through 
which dangerous and obnoxious gases can be conducted to the outside 
atmosphere. Many hoods are equipped with blowers, which tend to 
hasten the removal of fumes. 

Several kinds of analytical work, but especially those involving the 
observation of colors, require good light, the most satisfactory results 
being obtainable with daylight. Since light from the north is most 
unifofm throughout the day, many la’ooratories have windows on the 
north side and the appiratus for which natural light is to be used is 
arranged on that side of the room. In some laboratories where colori¬ 
metric work must be carried out by artificial light, so-called daylight^’ 
lamps are employed. 

The problem of eciuipping a laboratory with fixtures, apparatus and 
chemicals is one which requires study in relation to the kind of analytical 
work to be performcnl, the freipiency of ])erforming it, the personnel of 
the laboratory, the funds available, and other factors. Weiner (7) lists 
the following major pieces of apparatus, constituting permanent fixtures, 
which are necessary for fully equipping a laboratory for sewage-disposal 
investigations: 


Laboratory tables 
Fume hood 
Cabinets 

Analytical balance 
Water bath 
Drying oven 
Centrifuge 

Extraction support and accessories 
Muffle furnace 


Kjeldahl supports with heaters 

Kjeldahl distilling outfit 

Incubator 

Dry sterilizer 

Autoclave 

Water still 

Gas-analysis apparatus 
Refrigerator 

Microscope and accessories 


Additional suggestions in regard to the construction and equipment 
of sewage-works laboratories may be obtained from a committee report 
of the National Research Council (8). 
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CHAPTER V 


COMPOSITION OF MUNICIPAL SEWAGE 

Municipal sewage usually contains liquid and water-carried wastes 
of several different kinds. Liquid wastes from kitchen sinks are called 
sink drainage and the conduits through which they flow sink drains. 
When to these are added the wastes from laundry tubs, bath tubs and 
water-closets, the combined wastes appropriately are termed Iwuse 
sewage or domestic sewage^ for they have been collected by a part of the 
building’s plumbing system and conveyed from the house by the house 
sewct or building connection. The wastes from manufacturing proc¬ 
esses generally are ternied industrial wastes^ although they sometimes 
are called manufacturing or trade wastes. Often sinks a. .d water-closets 
used by employees discharge into the pipes carrying industrial wastes 
and there is then some question whether the combined liquids may be 
termed sewage.” This is largely a question of degree and the answer 
depends principally on the relative proportions of industrial wastes 
and house sewage. 

Rain water running directly from roofs is called storm water or roof 
water. That running off the ground also is called storm water and that 
running from streets is sometimes termed street wash, because it is the 
water with which the street surfaces have been washed. All siorm- 
water run off is wash water and has washed the surfaces over which it 
has flowed, frequently taking up large quantities of impurities in doing 
so. The term ‘‘storm water” should be applied only to that poHion 
of the rainfall which runs off during or shortly after a storm. Ordinary 
stream flow is distinguished from storm water by designating it as 
surface water. This term includes storm water but not those waters 
which are retained in or flow through the ground, the latter being 
called ground water. Waters escaping from the ground into streams 
and lakes become surface waters. 

Origin of Sewage.—In the simplest sewered community, a small 
group of houses drained by a single sewer, from each of the houses comes 
“house sewage.” Flowing from the “house sewer” to the “sewer” at 
this point, it may be said to have changed from “house sewage” to 
“sewage.” No individual house sewage changes its composition by its 
change of location, but it mingles with the other house sewages coming 
from buildings where the activities are different and consequently where 
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the house sewage is different. In some houses the waste water from the 
early morning batlis is being discharged; in others, sink water from 
the breakfast dishes; from still others, perhaps, the laundry wastes. 
The sewage from this simplest sewered community thus consists of 
mingled house sewages of different qualities but still remains ‘^domestic 
sewage.” 

Passing on down the sewer, the sewage of the simple sewerage district 
is mingled with other domestic sewages from other similar communities 
and with the wastes from business houses, hotels, and garages. If 
there are industries like dye works, tanneries or woolen mills, the spent 
dyes, tanning liquors and wash waters may be discharged into the sewer, 
materially modifying the quality of the sewage. In many places ground 
water finds its way into the sewers, sometimes in considerable quantities, 
having a marked effect on the quality of the sewage. 

Storm water is not admitted intentionally to separate sewerage sys¬ 
tems, but in many cases there may be leakage through manhole covers;* 
some street inlets may be connected with the sewers and roofs may be 
connected either with or without permission from the authorities. 
Such storm water also may have a marked influence upon the quality 
of the sewage. The authors have known a dry-weather flow of 300,000 
gal. daily in a separate sewerage system to be increased to 3,000,000 
gal. by storm water and ground water which found their way into the 
sewers. 

Combined sewers are designed to take storm water, for which inlets 
are provided on the streets, and in such sewers the composition of the 
sewage at times is materially influenced by storm water. In the early 
part of a storm large quantities of mineral and organic matter are con¬ 
tributed by street washings. The roof water and run-off from other 
areas, reaching the sewers somewhat later, afford considerable dilution. 
In sewers there are sometimes considerable deposits of sewage matter, 
which are washed out by the scouring action of storm water. Such 
deposits are often extremely foul and high in organic matter*. The 
effect of this material and the wash from the streets is often to make 
the early part of the storm flow much stronger than the ordinary sewage. 
Such flows are frequently alluded to as first flushings. 

Variations in Sewage Quantity.—Variations in the quantity of 
municipal sewage produced by different cities, as well as variations at 
different times in a given city, have been described at length in Vol. I, 
Chap. V. 

Variations in Sewage Quality.—The quality of the sewage from a 
given community changes rapidly from time to time, because of the 
varying kinds and quantities of constituents contributed and also on 
account of the varying quantities of ground, surface and storm water 
entering the sewers. The night sewage is much weaker than that of 
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the day and hourly analyses of sewage show that its composition depends 
directly upon the activities of the contributing population. 

The quality of sewage varies from day to day, the greatest variation 
from the average being on Sunday when industrial wastes and household 
activities are checked. Where the week^s washing is done on Monday, 
the quantity of sewage is increased f)n that day by the discharge of wash 
waters and the soaps and other ingredients affect the quality of the 
sewage. 

During the spring or “wet^^ months sewage may be considerably 
weaker than during the summer and early autumn, owing to the storm 
and ground waters which find their way into the sewers. The com¬ 
position is also affected to some extent by temperature and bacterial 
action as well as by dilution. 

In many places the chloride content of the sewage is practically 
proportional to the dilution and ii the quantity of chloride in the diluted 
sewage is known, the (juality of the undiluted sewage and the effect 
o^dilution may be CHlculated. 

In view of the fact that sewage is not a homogeneous substance, it is 
difficult to collect representative samples. Furthermore, skill and 
experience are required on the part of the analyst, if consistent and 
reasonable results are to be obtained. 


Table 10.—Variations by 2-nR. Periods in Quantity and Quality op 
Columbus Sewage, Expressed in Percentages op Daily Average 


Period 

Rate of flow 

Oxygen consumed 

Nitrogen as 

Chloride 

Suspended 

matter 

5 

r* 

Bacteria | 

Total 

Dis¬ 

solved 

Sus¬ 

pended 

Free 

am- 

t ionia 

Or¬ 

ganic 

Total 

Vola¬ 

tile 

Fixed 

12 P.M.- 2 A.M. 

88 

35 

42 

27 

73 

47 

72 

50 

29 

81 

33 

75 

2 a.m.- 4 a.m. 

83 

69 

23 

123 

56 

31 

74 

43 

28 

53 

26 

47 

4 A.M.- 6 A.M. 

80 

28 

29 

27 

42 

23 

73 

37 

18 

62 

30 

36 

6 a.m.- 8 a.m. 

89 

28 

29 

27 

49 

28 

69 

37 

29 

43 

22 

56 

8 A.M.-IO A.M. 

113 

176 

181 

169 

108 

167 

94 

213 

156 

267 

81 

92 

10 A.M.-12 M. 

117 

116 

1.36 

92 


117 

143 

145 

160 

134 

111 

167 

12 m. - 2 P.M. 

116 

123 

149 

92 

110 

116 

123 

110 

129 

96 

111 

139 

2 P.M.- 4 P.M. 

117 

117 

149 

81 

167 

126 

111 

110 

■it!] 

113 

81 

167 

4 P.M.- 6 P.M. 

116 

197 

149 

254 

147 

226 

111 

166 

229 

116 



6 P.M.- 8 P.M. 

103 

88 

81 

96 

99 

84 

101 

94 

109 

83 

163 

125 

SP.M.-IO P.M. 

02 

00 

87 

02 

09 

HI 

114 

64 

64 

46 

81 

106 

10 P.M.-12 P.M. 

89 

68 

68 

46 

84 

63 

■ 

52 

50 

54 

74 

81 
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In Table 10 are given by 2-lir. periods the proportional variations in 
flow and quantity of various constituents of the sewage of Columbus, 
O., which are typical of average hourly changes (1). 

Causes similar to those effecting the hourly changes make the quality 
of sewage different on different days. Analyses typical of the daily 
variations in composition of Columbus sewage are given in Table 11 (1). 


Table 11.—Daily Variations in Weight in Constituents of Columbus 
Sewage, Expressed in Percentages of Weekly Average 


Day of 
week, 
1904-06 


Oxygen consumed 

Nitrogen as 

Chloride 

Residue on evaporation 

Total organic 

Free ammonia 

Nitrites 

Nitrates 

Total 

Volatile 

Fixed 

Total 

Dissolved 

Suspended 

Total 

Dissolved 

'S 

"a 

a 

p. 

3 

m 

Total 

Dissolved 

Suspended 

61 

75 

102 

112 

93 

84 

86 

92 

64 

71 

76 

64 

90 

95 

63 

114 

101 

104 

89 

93 

100 

105 

101 

121 

118 

107 

131 

102 

100 

115 

110 

106 

103 

112 

93 

105 

103 

103 

102 

108 

107 

109 

101 

102 

99 

106 

107 

100 

89 

93 

104 

101 

103 

93 

99 

102 

95 

101 

103 

93 

98 

102 

94 

100 

139 

100 

99 

100 

98 

98 

98 

99 

100 

100 

97 

104 

102 

101 

100 

93 

102 

102 

100 

no 

101 

103 

99 

102 

100 

117 

100 

104 

__ 

97 

100 

93 

102 

102 

101 

107 

101 

103 

100 

102 

100 

111 


Sun.. 
Mon. 
Tuee. 
Wed. 
Thur 
Fri.. 
Sat.. 


Table 12. —Monthly Variations in Weight in Constituents of 
Worcester Sewage, Expressed in Percentages of Annual Average 


Month, 1907 

Ammonia 

Oxygen 

con¬ 

sumed 

Chlo¬ 

ride 

Suspended solids 

Precip¬ 

ita¬ 

tion, 

in. 

Free 

Total 

albu¬ 

minoid 

Total 

Volatile 

Fixed 

January. 

93 

no 

106 

104 

92 

92 

93 

2.76 

February. 

112 

109 

117 

94 

98 

116 

58 

1.84 

March. 

95 

95 

93 

80 

102 

91 

129 

1.69 

April. 

88 

88 

90 

81 

84 

85 

81 

2.72 

May. 

115 

103 

103 

103 

85 

91 

73 

2.92 

June. 

115 

104 


117 

123 

121 

129 

3.82 

July. 

127 

122 

122 

148 

148 

162 

115 

2.55 

August. 

i 134 

128 

143 

149 

131 

147 


1.08 

September. 

110 

114 

110 

125 

130 

118 

186 

9.38 

October. 

81 

85 

89 

88 

97 

94 

104 

4.63 

November. 

68 

85 

79 

72 

74 

53 

122 

6.06 

December. 

86 

76 

74 

75 

* V 

61 

75 

i 

27 

4.53 





















Table 13. —Comparative Analyses of Water and Sewage 
Parts per Million 


COMPOSITION OF MUNICIPAL SEWAGE 


Hardness 

22 

366 

37 

9 

285 

13 

Oxygen 

consumed 

. 

35.2 

0.20 

120.0 

66.2 

135.6 

0.05 

51.6 

130.7 

Chloride 

4.4 

29.1 

16.0 

93.0 

1.9 

69.2 

1.8 

55.4 

8.5 
108.7 

2.3 

97.1 

Nitrate 

nitrogen 

00 - o - oo -*0 

O - «• ^ - -00 M5CSI 

d • d • d • • d *- d • d 

Nitrite 

nitrogen 

80 0 

00 0 

00 0 

800 

00*0 

00 0 

00 0 

Albuminoid 

nitrogen 

0.011 

3.3 

0.036 

0.006 

5.3 

0.123 

4.3 

0.012 

0.127 

6.5 

Ammonia 

nitrogen 

0.004 

24.6 

0.010 

16.0 

0.002 

34.6 

0.039 

12.2 

0.081 

13.3 

0.036 

14.8 

Residue on 
evaporation 

52.0 

338.0 

540.0 

878.0 

73.0 

638.0 

34 1 
473.0 

391.0 

876.0 

41.8 

811.0 

Date of 
analyses 

1930 

1930 

1921 

1930 

1930 

1930 

1924-28 

1924- 28 

1926-29 

1925- 30 

Municipality 

Attleboro, Mass. 

Wtrtcr supply. 

Sewage. 

Dayton, Ohio 

Water supply. 

Sew’age. 

Easthampton, Mass. 

Water supply. 

Sewage. 

Fitchburg, Mass. 

Water supply. 

Sewage. 

Mansfield, Ohio 

Water supply. 

Sevrage. 

Worcester, Mass. | 

Water supply. 

Sewage. 


Note: Analyses of Attleboro water and sewage, Easthampton water and sewage, Fitchburg water and Worcester water frs.m annual report* of 
Massachusetts Department of Public Health; Dayton urater analysis by Ohio State Department of Health; Dayton sewage analysis from Morehouse; 
Fitchburg sewage analysis from annual reports of Commi<»3ioner of Public Works; analyses of Mansfield water and sewage from Dittoe; Worcester sewage 
analysis from Lanphear. 
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In Table 12 are given the proportional variations in character of 
sewage from month to month at Worcester, Mass. 

Comparative Analyses of Water and Sewage.—It is a popular opinion 
that sewage is the municipal water supply dellled by use and discharged 
into the sewers. Were this wliolly true, the quantity of sewage would 
correspond closely to that of the water supi)ly. In a general way it 
does, but the whole water supply does not reach the sewers, as indicated 
in Vol. I, page 173, and much water from other sources enters them, such 
as ground water and private water supplies. It is, therefore, important 
to consider as the basis of sewage the composition of water supplies 
and ground water and to estimate the quantity of each entering the 
sewers. 

The average analyses of a few water sui)plies and the corresponding 
sewages are given in Ta])le 13. The water supi)lies and sewages at 
Fitchburg and Dayton illustrate the point just made. If the water 
supply and ground water at Fitchburg had contained the same (piantity 
of total solids as those at Da^'ton, the total solids in the Fitchburg 
sewage would have been 50() p.p.m. greater, an increase of 107 per cent, 
effected only by the change in the water su])piy. In other words, waters 
which are high in residue, which is the case with all hard waters, con¬ 
tribute a considerable {U'oportion of the solids in the corresponding 
sewage, while waters low in residue furnish to the sewage only an 
insignificant proportion of its solids. 

The quantity of nitrogenous matter in municipal water supplies is 
usually so low that its influence upon the composition of the sewage 
may be disregarded. At Fitchburg the organic solids in the water 
supply, estimated at 10 p.p.m., are equivalent to about 2 per cent 
of the total solids m the sewage and to about 4 per cent of the organic 
solids in the sewage. 

Substances Present in Sewage.—To the substances contained in 
the water supply are added urine, feces and paper from water-closets. 
Researches of Wolff and 1 .chmami (2) gave the quantities of urine and 
feces and their constituents stated in Tables 14 and 15. 

The Metropolitan Sewerage Commission of New York in 1910 esti¬ 
mated the quantity of paper in sewage as 20 gm. per capita daily. 

Kitchen sinks contribute soap, grease, extracts of meats and vege¬ 
tables, sugar, salt, milk and waste food washed from dishes. Some¬ 
times substantial quantities of garbage are throwm in water-closets, 
instead of being disposed of in a suitable manner. Laundries and 
baths contribute soapy water containing starch, dissolved and sus¬ 
pended impurities from clothing and excretions and tissues from the 
body. 

Garages and gasoline filling stations may have untrapped drains 
that discharge oil and sand iMo the sewers. Automobile washstands 



coMPOsrnoi^ of municipal sewage 


96 


T^^le 14. —Weight of Solid and Liquid ExcREMENTrv of a Mixed 

Population 


Number, sex and 
age of persons 
contributing 

Feces 

j 

Urine 

Pounds per 
100,000 
persons 
yearly 

Grams per 
cap.adaily 

Pounds per 
100,000 
persons 
yearly 

Grams per 
cap. daily 

37,610 men. 

4,521,664 

150 

45,217,782 

1,500 

34,630 women. 

1,237,040 

45 

37,458,512 

1,345 

14,060 boys. 

1,239,504 

110 

6,423,670 

570 

13,700 girls. 

274.736 

25 

5,041,344 

460 

Total. 

7,272,944 


94,141,308 


Average. 


90 


1,170 

—4 - 





Table 15.— Average Composition of Human Excrements 


Kind 


Water 

Total 

solidH 

Or¬ 

ganic 

matter 

Inor¬ 

ganic 

matter 

Nitro¬ 

gen 

1""“-. 

Phos¬ 

phoric 

acid 

Pot¬ 

ash 

I.<ime 


Mag¬ 

nesia 


Per cciit 



77.2 

22.8 

19.8 

Fresh human urine. . .. 

96.3 

3.7 

2.4 

Mixture of the twoi.... 

96.0 

5.0 1 

3.6 


3.0 

1.00 

1.10 

0.26 

0.62 

0.36 

1.3 

0 60 

0.17 

0.20 

0.02 

0.02 

1.4 

0.63 

0.24 

0.20 

o.oe 1 

i 

1 0.04 

i 


Grams per capita daily 


Fresh human feces. 

69.6 

20.6 

17.8 

2.7 1 

0.90 

0.99 

0.22 

0.56 

0.32 

Fresh human urine. . .. 

1127.0 

43.0 

28.1 

14.9 

7.04 

1.99 

2.34 

0.23 

0.23 

Mixture of the two.... 

1196.6 

63.6 

46.9 

17.6 

7.94 

2.98 

2.56 

0.79 

0.65 


i Calculated from a table by Rafter and Baker, to make these quantities comparable with 
those in Table 14. 


contribute large quantities of water, more or less heavily laden with 
mineral matter, some organic matter, oil and grease. 

Waste water used for floor washing in dwellings and office buildings is 
usually foul and the washings from cuspidors may contribute pathogenic 
organisms. Hospital sewage often contains pathogenic organisms from 
the excreta, as well as from other discharges of patients. 

Because of the great variations in the quantities of solids discharged 
from industrial establishments, as indicated in Table 28, it is necessary 
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that these quantities be obtained for each separate city by an industrial 
survey, as outlined in Chap. XXXII. 

Storm water washes much mineral and some organic matter into the 
sewers. Generally, the first flush of storm water and, more particularly, 
of street wash contains large quantities of suspended matter, which 
increase the strength of the sewage. After long-continued rain has 
washed the streets and flushed Jihe sewers, the quantity of solids carried 
into the sewers by the storm water may be considerably reduced, so 
that the effect of the storm water will be only to dilute the sewage. 


Table 16. —Composition of Typical American Sewage 
Parts per Million 


Sul)stanccs 

Total 

In solu¬ 
tion 

In sus¬ 
pension 

Residue on evaporation. 

800 

500 

300 

Mineral matter or ash. 

400 

300 

100 

Organic or volatile master. 

400 

200 

200 

Nitrogenous matter. 

150 

Nitrogen. 

15 



Carbon. 

75 



Hydrogen, oxygen, sulfur, phosphorus, 
etc. 

60 



Non-nitrogenous matter.. 

250 



Fats, etc. 

50 



Carbon. 

35 



Hvdrocen, oxygen. 

15 

* 


Carbohydrates. 

200 



Carbon. 

90 



Hydrogen, oxygen, etc. 

no 



Total carbon. 

200 



Total nitrogen. 

15 



Total hydrogen, oxygen, sulfur, phosphorus, 
etc. 

1 

185 







The organic matter in sewage may be said, in a general way, to consist 
of urea and proteids, which include most nitrogenous organic matter, 
and of carbohydrates, including cellulose, woody fiber, fats and soap. 
Of these, the most important are the proteids and urea, because they 
are most likely to cause offensive conditions. In filtration problems, 
the fats become of importance if present in large quantities, as they 
tend to coat the surfaces of filter media and to fill the voids thereof. 
The general relations of these ingredients are shown in Table 16, giving 
a hypothetical analysis typical of American sewage (3). 
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Of these constituents, most attention has been given to the nitrog¬ 
enous compounds, usually considered the active agencies in producing 
offensive conditions. Dunbar has stated that too much importance 
has been placed upon them, because nitrogen does not enter into the 
composition of offensive gases as sulfur does, and that more attention 
should be given to the latter. In Table 16 Winslow and Phelps esti¬ 
mated that about one third of the total organic matter is nitrogenous and 
of this portion only 10 per cent is nitrogen, whereas 50 per cent is carbon. 

The mineral substances in sewage consist principally of calcium and 
magnesium carbonates and sulfates, mineral constituents of the organic 
matter, many inorganic industrial wastes and, especially where combined 
sewers are used, the sand, clay and other earth washed into the sewers 
in times of storm. The mineral content of domestic sewage is rarely 
important. 

Sewage Analyses.—The data given in Tables 29 to 33 are from actual 
ana^ses of sewage and are grouped according to the presence or absence 
of storm water and industrial wastes. They are chiefly valuable as 
illustrations of actual analy tical results and as guides in making esti¬ 
mates of the probable quality of sewage from a community of known 
size and character. All data upon which the tables are based are not 
strictly comparable and there was much diversity in the methods of 
taking the samples analyzed. Where they were taken once or twice an 
hour throughout the entire 24 hours of the day, 7 days a week, for long 
I^eriods of time, the averages represent closely the general character of 
the sewage; but where isolated samples were taken at relatively long 
intervals, it is uncertain whether they fairly represent the sewages. 
Differences in methods of analysis also have an effect upon the results 
and there is an ever-present difficulty in obtaining representative pro¬ 
portions of coarse suspended matter. It is important when inter¬ 
preting analyses of sewage, to procure as complete information as 
possible regarding conditions affecting the composition of the sewage. 
This often leads to discarding analyses which otherwise would have been 
accepted and sometimes such information may make the results of 
certain analyses of unexpected value. It is desirable, therefore, when 
reporting analyses, to give in great detail all available data relating 
to the production, collection, sampling and analysis of sewage and 
effluents. 

Tables 29 to 33 show that, even within groups of cities of presumably 
similar characteristics, there is an apparent variation in the quantity 
jier capita of different constituents. Reasons for this are that it is 
difficult to obtain reliable estimates of the population tributary to the 
sewers; errors in gaging the flow may be considerable; and errors in 
sampling are difficult to avoid. There are also differences due to varying 
characteristics of the cities and of their inb^^bitants, which are real and 
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not apparent. Furthermore, changes in economic conditions and in 
industrial processes often result in wide variations in the composition of 
sewage affected by industrial wastes. 

The character of sewage varies according to the type of sewerage 
system, whether separate or combined, and according to the quantity 
and quality of industrial wastes discharged into it. Average analyses 
of sewages grouped according to these major factors are brought together 
in Table 34 for ready comparison. While it is somewhat hazardous to 
draw general conclusions from such comparative analyses, this table 
indicates that sewage from which industrial wastes are excluded is, on 
the whole, weaker, or more dilute, than that which contains industrial 
wastes, no matter whether the sewage is carried in separate or combined 
sewers. The sewage from industrial cities having separate sewerage 
systems and allowing industrial wastes to be discharged into the sewers 
appears to be the strongest. In the case of industrial cities having 
combined sewerage systems with industrial wastes present, the strength 
of the sewage is reduced somewhat, owing to the diluting effect of storm 
water. 


Table 17.— Approximate Relative Quantities op Organic and 
Inorganic Matter in Solution and in Suspension^ 



Large 

cities® 

with 

com¬ 

bined 

sewers 

Combined sewers 

Separate sewers 

With 

indus¬ 

trial 

wastes 

Without 

indus¬ 

trial 

wastes 

With 

indus¬ 

trial 

wastes 

Without 

indus¬ 

trial 

wastes 

Total solids, p.p.m. 

660 

1,640 

840 

800 

780 

Dissolved, per cent. 

75 

80 

60 

70 

80 

Suspended, per cent. 

25 

20 

40 

30 

20 

Organic, per cent. 

45 

35 

50 

55 

50 

Inorganic, per cent. 

55 

05 

50 

45 

50 

Organic solids, p.p.m. 

300 

540 

420 

460 

400 

Dissolved, per cent. 

60 

65 


60 

60 

Suspended, per cent. 

40 

35 


40 

40 

Inorganic solids, p.p.m. 

360 

1,100 

420 

340 

380 

Dissolved, per cent. 

85 

90 


80 

90 

Suspended, per cent. 

15 

10 


20 

10 


1 Adjuated from Table 34. 

* Chicago, Cleveland, Milwaukee, Philadelphia and Rochesto*. 


Suspended Matter.—In chemical analysis all solids ffoating or sus> 
pended in «ewage ftre reported at suspended solids. As stated in detail 
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in Chap. IV, the quantity of this material may be determined either by 
weight or by volume; in the latter case, only such solids as will settle 
in a reasonably short time, gencrallj^ 2 hr., arc reported and are referred 
to as settling solids. The proportion of matter floating and in suspen¬ 
sion is generally less than one half of the total solids. Table 17 shows 
the relative proportions of organic and inorganic solids in solution and 
in suspension, in sewages of various kinds. 

This tal)le indicates the fairly uniform proportions, on tlu‘ average, 
of the different classifications of solids in sewage, irrespectiv(* of type 
of sewer S 3 ’'stem and presence or absence of industrial wastes. In 
certain sewages, however, the proportioin^ may vary widely from the 
average. 

When considering analyses in which the (piantities of suspended 
solids are given, it is well to bt ar in miijd that it is impossible to take 
samples which re])resent fairly th • coarsi^r particles. Where suspended 
matt^* is removed fr<*n\ the sew.-igo by grit chaml)crs or sedimentation 
tanks, the quantity and characier of the matc'rial so removed may be 
determined also by cflrcbil i.ieasurements and anah'ses of the sludge 
produced. 

Unless great care is (exercised in tln‘ seltriion of the point of sewage 
sampling, the segregation of sus})(‘nded solids in horizontar strata, both 
in closed conduits and in open channels, may introduce serious error 
in the results of suspended-solids deterniii ations. 

Dissolved Matter,- The relative quantity of dissolved matter in 
sewages is on the average })erhaps about three (piarters of the total 
solids. It includes all substances readily soluble in water, such as 
those contained in urine, meat and vege1ai)le extracts and a large 
variety of solul)le industrial wastes, such as spent dyes, acid liquors and 
tanning solutions. As pn viously ex])laii}ed, the «iuantity of dissolved 
solids in the water supply also affects the composition of the cor¬ 
responding se^yag(^ In seaboard cities salt w'ater, which contains about 
.‘lt),0()0 p.p.in. of total solids, sometimes gains admission to the sewers 
and has a material effect upon the quality of the sewage, increasing its 
mineral content and diluting the organic matter. ('f the organic matter, 
about one half gener.all}" is in solution. 

The proportion of dissolved to suspendc'd matter is not always 
constant, even in the same sewage', as chemical, physical, and bacterial 
action is constantly going on, convertii g dissolved into suspended 
matter and the reverse. An approximate idea of the average propor¬ 
tions of organic and mineral matter , in solution and suspension in 
sewage may be obtained from Table 17. Caution is necessary in 
drawing general conclusions from these figures, wdiich may be useful, 
however, as showing the approximate ])roportions of different classes 
of solids likely to occur in sewage. 



100 


AMERICAN SEWERAGE PRACTICE 









COMPOSITION OF MUNICIPAL SEWAGE 


101 


Settling Solids. —The suspended matter in sewage may be divided 
into two parts, that which will not settle readily when allowed to stand 
quiescent and that which will. The latter portion is called the ^^settling 
solids.'^ 

In 1905, Johnson (1) ascertained the quantities of suspended solids 
in the sewage of Columbus, Ohio, which were capable of settling in 
different periods of time. His results are shown in Table 18. During 
these experiments, the sewage flowed continuously through the tanks, 
so that the results are not strictly comparable with results obtained in 
similar periods of time with quiescent sewage. The sewage first passed 
through grit chambers, but the period of sedimentation in them was so 
much shorter than in the tanks that probably no serious error was 
introduced by attributing the precipitation of suspended matter to 
sedimentation in the period re<4uired for flow through the sedimentation 
tanks. 

The settling solids in the sewage of Providence, R. I., as determined 
by ftugbee (4), are given in Table 19. It is significant that the solids 
capable of settling in 4 nr. amount to but 15 per cent of the total solids 
of the sewage, although they are equivalent to 55 per cent of the sus¬ 
pended matter. 


Tahle 19--Solids A>rD Albuminoid Ammonia in Providence 
Sewage, 1913 



Parts per 
million 

Percentage 
of total 
solids 

Percentage 
of suspended 
solids 

Total solids. 

1155.0 

100 


Suspended solids.! 

314.0 

27 

100 

Settling solids, 4 hr. 

171.0 

15 

55 

Total albuminoid aniinonia. 

8.40 

100 


Suspended albuminoid ammonia.... 

5.18 

61 

100 

Settling albuminoid ammonia. 

2.27 

27 

44 


At Columbus, a© indicated in Table 20, it was found that only about 
()0 per cent of the suspended matter could be removed from the sewage 
by any economical period of sedimentation (1). As the period of sedi¬ 
mentation and length of travel of the sewage are increased, they rapidly 
approach points where additional time has but little effect as regards 
the removal of the residual susi)ended matter. 

Table 21 summarizes information furnished to the authors by Hom- 
mon regarding the settling and suspended solids in the sewage of Atlanta, 
Ga. While the Gooch-crucible determinations indicate a possible 
removal of 81 and 51 per cent of the total suspended solids by sedimenta- 
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Table 20.—Proportion of Suspended Solids Capable op Settling 
FROM Columbus Sewage in Stated Periods of Continuous Flow 


Length of travel, 
ft. 

Period of flow 
through tank, 

Suspended solids 

1 removed. 

Suspended solids 
remaining. 

1 hr. 

i 

per cent 

i 

per cent 

40 

O.S 

1 35 

t)5 

80 1 

1.7 

! 50 i 

50 

120 

2.5 

i 55 

45 

160 1 

. 3 

i 57 1 

43 

200 

1.2 

1 (>0 I 

40 


tion in Imhoff tanks at the two plants, Hommon states that the percent¬ 
age removal of settlcable solids, as determined by the Imhoff settling 
glasses, is practically 100. lie also states that the 60 and 5() p.p.m. of 
total suspended solids in the Imhoff-tank effluents are nearly all colloidal 
material, incapable of settling. 


Table 21.— Sbttlin(J and Suspended Solids in Atlanta Sewage 
Paris ])er Million 


Plant 

Number 

of 

samples 

Huspeiided 
solids in 
tank 
influent^ 

Settling 

solids 

Susiiended 
solids in 
tank 
effluent 1 

Proctor Creek plant. 

250 

320 

260 

60 

Peachtree Creek plant. 

200 

114 

58 

56 


» By Gooch-cruciblo method. 


The volume of solids settling out of average sewage at Worcester, 
Mass., in 2 hr., as determined by the conical-glass method, is given 
in Table 22. As there was a noticeable error in the observed volume, due 
to voids in the settled material, a correction, often quite large, was 
made by subtracting the estimated volume of voids from the actual 
reading. There was a marked variation in the volume of settling solids 
during each period, but the averages followed in a general way the con¬ 
centration of the sewage. 

At the suggestion of the authors, Lanphear investigated the relation of 
the volume of settling solids determined by the conical-glass method to 
the true settling solids by weight. The weight of solids settling in 2 hr. 
in many cases constituted a large percentage of the total suspended 
matter in the sewage, as determined by the filter-paper method, which 
is explained in part by the precipitation of colloidal matters. The tests 
vrere made with strbng day sewag^. The settling solids bore no definite 
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relation to the total suspended matter and there was a much wider 
variation in the settling solids by volume than by weight. In the case 
of several samples, compacting of the sludge after 2 hr. more than offset 
the increase in volume owing to additional settling solids. 


Table 22.— Skttlin<j Solids* in Aveuaoe Sewaoe at Worcester, by 
THE Conicai^glash Method 




Corrected volunu' 

Excess of actual 



of settling solids, 

reading over true 

Period, 

Number 

ec 

. per liter | 

volume, per cent 

1913-1914 

of samples 















Maxi- 

Mini- 

Av(‘r- 

Maxi- 

Mini- 

Aver- 



1 nuim 

muni 

1 .. . 

age 

Ilium 

mum 

age 

Apr. 21-30. 

37 

13 50 

i 1 

1.55 

5.44 

212 

1.0 

32.4 

June 13-25. 

37 

2!) 01 

3.40 

10.03 

132 

0.5 

23.2 

Nov. 4-10. 


10.20 

2.05 

9.07 

00 

1.0 

14.1 

Feb. 17-20. 

4.5 

i 22.52 

2.90 

8.72 

193 

2.1 

44.6 

.\vorage. 


1 21.OO 

! 2.02 

8.31 

i 

149 

, 11 

28.6 


J For 2-lir. period of Hedimeritation. 


The erratic results obtained by the conical-glass method were shown 
by 3 simultaneous measurements with 4 glasses for each sample. The 
determinations showed in many cases a wide variation in the actual 
readings of settling solids, but the volumes corrected for voids were much 
more uniform. The ratio betweim weight and volume of settling solids 
from day to day was quite variable, being several times as much in some 
samples as in others. The volume of settling solids determined in 
this way was not a measure of the volume of sludge that would be 
deposited in tanks, owing to the low, variable density of the settling 
solids in the conical glass. 

Colloidal Matter. —In Chap. Ill colloids are stated to be substances in 
a sort of pseudo-solution which will not diffuse through a parchment 
diaphragm; for practical purposes the colloids may be held to include 
those fine suspended particles usually reported as suspended solids, but 
incapable of settling in sedimentation tanks as ordinarily operated. 


Dissolved solids. 

Colloidal ijjiatter. 

Oxygen absorbed in 4 hours at 80°F. 


Total 

P.p.in. 

2710.0 

Total 

2260.0 

Volatile 

2125.0 

Total 

547.3 

Colloids 

411.6 

Nou-colloids 

13^.7 
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O^Shaughnessy (5) states that 80 per cent of the dissolved matter in 
water vigorously shaken with fecal matter is colloidal. The analysis 
at the bottom of page 103 shows how great a proportion of the 
organic and oxygen-consuming matter is in this colloidal condition. 

It is generally agreed that agitation, such as that caused by flowing 
rapidly through a long sewer, over steps or through screens and by 
pumping, changes some suspended matter in sewage into colloids. This 
is illustrated by an experiment at Leeds, England, cited by O’Shaugh- 
nessy (5). The average of the somewhat erratic results from three 
experiments showed that 30 per cent of the albuminoid ammonia was in 
colloidal form before pumping and 42.5 per cent after pumping; and 
that 14.9 per cent of the organic matter, as indicated by the oxygen 
consumed, was colloidal before and 17.2 per cent after pumping. The 
colloids in the screened sewage before and after pumping are given in 
Table 23. 


Table 23.— Colloidal Matter in Leeds Sewage before and 
AFTER Pumping 
Parts per million 



All)Uininoi(l ammonia 

Oxygen consumed, 

4 lir. 

Before 

pumping 

After 

pumping 

Before 

pumping 

After 

pumping 

Test 1. 

2.40 

4.27 

21.8 

19.3 

Test 2. 

4.65 

4.95 

23.2 

32.8 

Test 3. 

1.47 

0.87 

20.0 

22.4 

Average. 

2.84 

3.36 

21.7 ' I 

24.8 


At the Philadelphia sewage experiment station, many tests were 
made in 1909-1910 to ascertain the quantity of organic matter in the 
sewage, as indicated by oxygen consumed, in suspension and capable of 
settling when allowed to stand quiescent in a bottle for 2 hr., in colloidal 
condition and in solution (6). The averages of the results obtained 
from August to April, inclusive, are as follows:^ 

^ For determination of oxygen consumed, samples were acidified at room temperature 
and placed in water batii at 100^*0. for 30 min. Colloidal matter was precipitated by 
Fowler’s clarification method. This method is to add to 200 cc. of the sewage 2 cc. of a 
6 per cent solution of sodium acetate and 2 cc. cf a 10 per cent solution of ferric ammonium 
alum. The sample is then brought to boiling and allowed to remain over a low flame for 
2 min. Then it is cooled and filtered. In this way the colloids are ^ecipitated, leaving a 
clear filtrate, which may be taken for practical purposes to contain only substances in true 
solution. Fowler (7) states that ’’this method has been found to yield as instructive results 
as the method of dialysis, while it o<;ci]|>ies much less time, and probably, in consequence, 
is less liable to error/’ 
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Oxygen Consunied P.p.m. 

Toial.. 79 9 

Settling. 14.9 

Colloidal. 28.8 

Dissolved. 36.2 


These determinations indicate that about 18.5 per cent of the organic 
matter was capable of settling in 2 hr., about 36 per cent being in colloidal 
condition and 45.5 per cent in solution. This sewage contained a large 
quantity of industrial wastes, the effect of which is indicated in part by 
the analytical results for fixed solids, which averaged 35 p)er cent higher 
on working days than on holidays. 

Biochemical Oxygen Demand.—During the bacterial decomposition 
of sewage, oxygen is utilized in tb conversion of complex, unstable 
organic compounds into simpler, stable organic and inorganic substances. 
The quantity of oxygen required i- a measure of the strength of sewage or 
of sev^ge effluents and is indicative of the effect of such sewages and 
efffueuts upon the oxyget* conkmt of the bodies of water into which they 
may be discharged. The quantity of oxygen required to satisfy this 
demand varies with the prevailing temperature and with the period of 
time over which the process of decomposition proceeds. The commonly 
reported oxygen demand is that for a period of 5 days at 68®F. (20®C.). 
For ordinary purposes, it is assumed that at the end of 20 days approxi¬ 
mately 99 per cent of the demand is satisfied at 68®F. In practice, fur¬ 
thermore, it is customary to compute the total oxygen demand’^ on the 
assumption that the 5-day demand at 68°F. is equivalent to 68 per cent 
of the total demand. The oxygen demand of several sewages, as 
reported in 1931 by the Committee on Sludge Digestion of the Sanitary 
Engineering Division, American Society of Civil Engineers, is given in 
Table 24. Additional data are given in Tables 29 to 34. 

The difficulties inherent in sampling and in the technique of the oxy¬ 
gen demand test make it necessary to apply and interpret such data 
with caution and judgment. 

Bacteria .—X consideration of the general composition of sewage would 
be incomplete without reference to its bacterial content, although this 
has been discussed at length in Chap. III. The number increases 
greatly as the sewage increases in age, especially during the first day or 
two. If a sample is kept in a bottle or basin without dilution, agitation 
or other agency for changing conditions, the bacteria reach their max¬ 
imum number in the course of a few days and then gradually decrease, 
although they by no means entirely disappear even after long periods 
of time. 

Of the many kinds of bacteria present in sewage, the organisms of the 
coll aerogenes group, or jB. coZi, have occasioned the most study. This is 
due to the fact that these organisms are found in the intestines of warm- 
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blooded animals and are present in large numbers in sewage. While 
these organisms are not specifically pathogenic, they resemble the 
bacillus causative of typhoid fever as regards length of life under varying 
conditions and, therefore, wherever found, organisms of the coli asrogenes 
type indicate potential presence of pathogenic organisms. The bac- 


Tablb 24.— Data os Oxygen Demand of Sewage 


Municipality 

! 

.i 

! 

1 Testing 
period 
reported 

Average 

daily 

sewage 

flow, 

gallons 

per 

capita 

Five-day oxygen 
demand 

Parts per 
million 

Pounds 

per 

capita 

daily 

Indianapolis, Ind. 

11)30 

140 

338 

0.304 

Decatur, 111. 

1930 

300 

i 154 

0.392 

Rochester, N. Y.^. 

1930 

109 

233 

0.328 

Philadelphia, Pa. 

1923-1930 

188 

204 

0.320 

High Point, N. C. 

1930 

97 

358 

0.289 

Milwaukee, Wis.1 

1930 

121 

209 

0.272 

Rochester, N. . 

1930 

117 

244 

0.237 

Madison, Wis. 

[ 1930 

130 


0.236 

Dallas, Tex.'*. 

1 1930 

73 

445 

0.230 

Akron, Ohio. 

1930 

150 


0.190 

Columbus, Ohio. 

1930 

97 

226 

0.182 

Flint, Mich. 

1930 

75 


0.176 

Dayton, Ohio. 1 

1930 

92 

221 

0.169 

Canton, Ohio. 

1929 

97 

202 

0.163 

Worcester, Mass. 

1930 

92 

212 

0.162 

Pasadena, Cal. 

1930 

74 

257 

0.159 

Marion, Ohio. 

1930 

70 


0.157 

Alliance, Ohio. 

1930 

97 

193 

0.165 

Springfield, Ill. 

1930 

112 

166 

0.155 

Delaware, Ohio. 

1930 

48 * 

344 

0.137 

Elyria, Ohio. 

1930 

71 

171 

0.101 


1 Irondequoit works. 

* Brighton works, 

* Five months. 


teriological methods for isolation and enumeration of organisms of the 
coll aerogenes group have been described in Chap. IV. 

The number of these organisms in sewage varies widely and seems to 
have no fixed relation to the total number of bacteria as determined by 
the agar count. As Lederer and Bachmann (8) have pointed out, the 
sampling errot is a serious one in bacterial examination of sewage. 


























Table 25.—Bacterial Content of Sewages from Various Cities 
Numbers per Cubic Centimeter 
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The averages of duplicate tests made at 1-min. intervals for a period of 
10 min. in their experiments gave extreme values of 190,000 and 
550,000 bacteria per cubic centimeter. The numbers of both coli 
aerogenes and bacteria growing on agar are affected by seasonal changes 
in temperature, being greater during the warm months than during the 
cold months of the year. 

Bacterial counts on agar for sewages from seven different cities, 
together with the numbers of coli aerogenes determined both by the 
presumptive test and by the count on eosin-methylene-blue agar, are 
given in Table 25. The agar counts vary from a minimum of 9,000 
per cubic centimeter to a maximum of 63,000,000 per cubic centimeter, 
averaging about 3,000,000 per cubic centimeter. The numbers of 
coli aerogenes^ determined by the presumptive, lactose-broth test, vary 
from a minimum of 1,000 to more than 1,000,000 per cubic centimeter, 
averaging about 150,000 per cubic centimeter. 

Effect of Temperature.—The composition of sewage is affected by its 
temperature, which varies considerably from season to season and 
depends upon geographical location. The temperature of sewage is 
commonly higher than that of the water supply, because of the addition 
of warm water from households and industries. As the specific heat of 
water is about five times that of air, the sewage temperatures observed 
are higher than the local air temperatures during most of the year 
and are lower only during the hottest summer months. Since most of 
our modern sewage-treatment works depend upon biological activity, 
temperature measurements are important. When the temperature is 
low, the activity of bacterial life is at a minimum and the sewage may 
contain dissolved oxygen originally present in the diluting water, as 
well as some nitrates and nitrites, and it may remain in relatively 
inoffensive condition for some time. In warm weather, however, bac¬ 
teria are quite active and consequently the dissolved oxygen, as well as 
the oxygen of the nitrates and nitrites, is exhausted rapidly and putre¬ 
faction begins. 

Data relative to mean annual and mean monthly temperatures of 
sewage are given in Tables 26 and 27. 

The seasonal variation of free and combined oxygen, however, is not 
the only change due indirectly to the temperature and perhaps in many 
cases is not the most important. Generally, the quantity of oxygen in 
sewage is so small in proportion to its oxygen requirements that the 
presence of the oxygen may be neglected. The activity of bacteria at 
high summer temperatures causes important changes in the organic 
matter. This is shown by a decrease of the organic nitrogen and albu¬ 
minoid ammonia, with an increase of free ammonia more or less closely 
corresponding. Suspended matter, which in winter passes to the outfall 
in relatively coarse condition, i/tay be disintegrated in summer through 



COMPOSITION OF MUNICIPAL SEWAGE 


109 


bacterial activity so that it is in a much finer st»atc of subdivision. Such 
a change may be marked where deposits of organic matter are formed in 


Table 2G.—Mean Annual TEMPEitATuuEs of Municipal Sewages 



Teni- 


! 

Tern- 


City 

pera- 

ture, 

Year 

City 

pera- 
ture, , 

Year 


°F. 



°F. 


Chicago, Ill., Calu- 



Plainfield, N. J. .. 

00 

1925 

met plant. 

53 


0)lum])us, Ohio.... 
Phihuhilphia, Pa., 

61 

1909-1910 

Gloversville, N. Y. 

63 

UK)8-1909 

Toronto, Out. 

53 


Northeast plant 

62 

1924-1927 

Schenectady, N. Y. 

55 

1927 

Pasadena, Cal.... 

62 


Rochester, N. Y. .. 

67 

1927 

Cleveland, Ohio, 



Brockton, Mass.. . 

57 

1927 

Westerly plant.. 

63 

1927 

Mari(jn, Ohio. 

58 

1925-1927 

Indianapolis, Ind. 

67 

1927 

Albany, N. Y. 

Baltimore, Md... 

58 

59 

1920-1921 

1927 

Durham, N. C- 

Decatur, Ill. 

69 

80‘ 

1927-1928 




‘ Sewers receive unusual proporlion of warm industrial wastes. 


Table 27.— ^Iban Monthly Tempehatuhes of Sewage and 
Am, 1927 



SeheneeJady, N. Y. 

Cleveland, Ohio 

Month 

Air, 

Sewage, 

Air, 

Sewage, 


‘’F. 

"F. 

°F. 

op . 

January. 

22 

52 

27 

53 

February. 

24 

4!) i 

i 34 

53 

Marcli. 

32 

48 i 

40 

53 

April. 

39 

45 1 

47 

57 

Mav. 

48 

51 

58 

62 

June. 

58 

54 

64 

62 

July. 

65 ’ 

! 59 

71 

65 

August. 

73 

1 04 

65 

. 72 

September. 

68 

64 

65 

73 

October. 

64 

63 

56 

73 

November. 

55 

60 

47 

64 

December. 

43 

54 

35 

59 

Average. 

49 

56 

51 

63 


Sewers. During cold weather these deposits may accumulate in rela¬ 
tively large quantities, whereas, during the higher temperatures of 
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summer, decomposition may take place so rapidly and such large quan¬ 
tities of gas may be formed that great masses of the previously accumu¬ 
lated sludge rise to the surface and float along with the sewage until the 
gas is liberated, after which the material is carried in suspension because 
of its fine subdivision. 

Effect of Industrial Wastes.—The influence of industrial wastes upon 
the character of sewage depends upon two principal factors, namely, the 
relative volumes of wastes and sewage and the composition of the 
wastes. 

The great increase in weight of certain sewage constituents, which 
may be brought abgut by the discharge of industrial wastes into sewers 
is illustrated by the rough estimates in Table 28. 


Table 28.—Estimated Increase in Weight of Suspended Solids and 
Oxygen Consumed in Sewages, Dub to Industrial Wastes 


City 

Kind of wastes 

Increase 
in sus¬ 
pended 
solids, 
per cent 

Increase 
in oxy¬ 
gen con¬ 
sumed, 
per cent 

Akron, Ohio. 

Rubber reclaiming 

120 

140 

Chicago, Ill.i. 

Packing house 

460 

225 

Dayton, Ohio. 

Paper mill 

60 

26 

Fort Worth, Tex. 

Packing house 

65 


Fostoria, Ohio. 

Wire mill and carbon 




grinding 

76 

100« 

Gloversville, N. Y. 

Tannery 

156 

115 

Milwaukee, Wis.*. 

Packing house and 

• 



tannery 

70 

10 


1 Paoking-house district only. 
* Portion of city only. 

’ Due largely to ferrous iron. 


From this table it is seen that the discharge of wastes into the sewers is 
equivalent to increasing the population in these cities 60 to 460 per cent, 
or 10 to 225 per cent, as measured by the suspended solids and oxygen 
consumed, respectively. By increasing the load upon the plants, such 
increments of wastes add greatly to the cost of treating sewage. More¬ 
over, some wastes, such as acid pickling liquors, are detrimental to 
biological action and may necessitate modification in plant and proc¬ 
esses, otherwise suitable for sewage. They may also cause troublesome 
sludge deposits. Occasionally, however, wastes may be utilized to 
advantage, as at Worcester, Mfuss., where the quantity of iron sulfate 
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from pickling liquors has at times been sufficient to cause excellent 
chemical precipitation with the addition of lime. 

Large quantities of heavy oils from industries and garages have formed 
troublesome scum in channels and tanks. In one town, wool-scouring 
liquors made treatment of the sewage upon intermittent filters imprac¬ 
ticable, owing to clogging of the sand. At Atlanta, Ga., carbide-plant 
wastes caused a thick scum to form on the surface of the sedimentation 
compartments of Imhoff tanks. 

Some cities have required partial treatment of wastes before their 
discharge into sewers, as at tanneries, where tanks and screens have been 
installed for removal of suspended solids. Many cities have ordinances 
prohibiting the discharge into sewers of substances which may injure 
sewers and other structures or interfere with the treatment of sewage, 
but they have not been enforced generally. 

A particularly striking exam})le of the effect of industrial wastes upon 
the composition of sewage and its treatment is the experience at Fostoria, 
Ohio, which has been described by Cameron (9). Here the discharge of 
large volumes of wastes from a wire mill and of suspended carbon from 
a carbon-products mill so modified the character of the sewage as to make 
it impossible to treat the sewage by biological processes, until the 
industrial wastes were in part excluded from the sewers and were in part 
given adequate treatment before discharge therein. 

The nature of industrial wastes varies widely, for they come from 
plant, animal and mineral sources. Many of them exhibit character¬ 
istics and behavior similar to those of domestic sewage. These may be 
mixed with sewage and treated with it satisfactorily. There are other 
wastes that may interfere seriously with the operation of sewage-treat¬ 
ment plants and outfall works. Among the varied industries producing 
large quantities of wastes are food-manufacturing establishments, such 
as stockyards, packing houses, canneries, corn-products plants, sugar 
refineries and breweries, and plants fur tanning, wool scouring, cloth 
washing, dyeing and bleaching, wire drawing and galvanizing, pulp and 
paper making and gas manufacture. 

Laboratory examination of industrial wastes reveals the fact that, as 
compared with municipal sewage, they possess as a class a higher con¬ 
tent of total, settling, colloidal and organic solids, organic nitrogen and 
chlorides and that they exhibit much higher oxygen-consumed and 
biochemical oxygen-demand values. At Chicago it was estimated that 
in 1920 the biochemical oxygen demand of industrial wastes was equiva¬ 
lent to that of the sewage from a population of 1,500,000 persons, the 
human population of the city being S,000,000. 

At New Haven, Conn., it was found that the copper wastes from wire 
works and other copper-working establishments rendered the use of 
biologically activated p];oce8se8 of sewage treatment unsatisfactory. At 
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Chicago the wastes froui paint industries, containing copper, arsenic and 
lead compounds, interfered seriously with the activated-sludge treat¬ 
ment of the sewage at the Calumet plant, until controlled. Sulfur 
wastes from iron works and paper mills may lead to the production of 
odors of hydrogen sulfide; acid wastes may affect sludge digestion 
adversely; oily wastes may interfere with the activated-sludge process, 
and gas-plant wastes may give rise to a variety of troubles. 

Notes on Tables 29 to 33, Inclusive 

ChicagOj III. The analysis given in Table 29 is an fiverage analysis of 
sewage received at the Calumet works during 1929 and 1930, toget her with 
an average analysis of sewage received at the North Side works from July 
to September, 1930, as reported by Pearsc. The tributary sewerage system 
is of the combined type, 

Cleveland^ Ohio. The analysis reported in Table 29 is the av(^rag(i of 
analytical results obtained at the Southerly plant for tht^ year 1930, as 
reported by Lawrence. The sewerage system is on the combined plan wit h 
many storm-water overflows. Difficulties have been experieiuuHl with 
pickling liquors, but otherwise industrial wastes have little effect upon the 
sewage. 

Milwaukee^ Wis. The analysis given in Table 29 is an average analysis 
of sewage received at the Jones Island sewage-treatment plant during the 
year 1927, as reported by Ferebee. The sewerage systciti is largely of the 
combined type and industrial wastes from pac.king houses, tannerii^s, steel 
mills and breweries are present in considerable quantities. 

Philadelphia^ Pa. The analysis given in Table 29 is an average analysis 
of the influent at the Northeast sewage treatment works for the years 1926 
to 1930, inclusive, as reported by Beaumont. The tributary sewerage sys¬ 
tem is of the combined type and after the first flush of street wash, storm¬ 
water flows are diverted to water courses. The sewage contains dye licpiors 
and oil in considerable quantities, neither of which affect the treatment. 

Rochester^ N. Y. The analysis reported in Table 29 is the average of 
analyses made at the Irontiequoit plant during the years 1926 to 1930, 
inclusive, as reported by Ryan. The sewerage system is of the combined 
type, with several storm-water overflows, and industrial wastes have litthi 
effect except during the canning season. 

Akroriy Ohio. The analysis given in Table 30 is an average analysis of 
sewage received at the Botzum plant for the seven months, June to Decem¬ 
ber, 1929, inclusive, as reported by Backherms. The sewerage system is 
of the combined type and industrial wastes from rubber-reclaiming plants 
are present in considerable quantities. ; 

Decatur^ III. The analysis given in Table 30 is an average analysis of 
sewage received at the treatment plant for the years 1928 to 1930, inclusive, 
as reported by Hatfield. The^ sewerage system is of the combined type and 
industrial wastes from starch works are present in considerable quantities. 

Poatoriaf Ohio. The analysis given in Table 30. is an average analysis of 
sewage received at the treatment; plant during the months of October, 



Table 29.—Analyses of Sewage from Large Cities with Combined Sewers 
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Tablb 30.—Analyses op Sewage fbom Combined Sewers with Industrial Wastes 



< Avmige fw 1925-1927, inclusive. 

* Average for 192S-1930, inclusive. 

* Awage oi four detominations. 

* TaUe 29, footnote 4. 






































































































Tabl£ 31. —Analyses of Sewage from Combined Sewers without Industrial Wastes 
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1 Sec Table 29, footnote 4. 















































































Table 33. —Analyses of Sewage from Separate Sewers ^^thout Industrial Wastes 
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1 See Table 29, footnote 4. 















































































Table 34.—CoMPARATn E Average Analyses op Sewage' 
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^ See Table 29, footnote 4. Remember that the various averages are not comparable, and their relative significance varies. 
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November and December, 1930, as reported by Cameron. The sewerage 
system is of the combined type and industrial wastes from a steel mill, a 
carbon works, an electrical manufacturing company and a slaughterhouse 
are present in considerable quantities. 

OlovensvillCf N» Y . The analysis given in Table 30 is an average analysis 
of sewage received at the treatment plant from February, 1921, to October, 
1922, inclusive, as reported by Robinson. The sewerage system is largely 
of the combined type with storm-water overflows and Indus trial wastes 
from tanneries are present in large quantities. 

Worcesterf Mass. The analysis given in Table 30 is an average of the 
results for the years 1926 to 1930, inclusive, as reported by Lanphear. 
The sewerage system is largely of the combined type with many storm¬ 
water overflows. Industrial wastes from wire mills, carpet mills, dye works, 
tanneries and gas works are present in considerable quantities. 

Bloomington^ III. The analysis given in Table 31 is an average analysis 
of sewage received at the treatment plant during the year ending May 31, 
1930, as reported by Taylor and Whitman n The scwt rage system is of the 
combined type with sk)rm-water overflows and the sewage contains only 
small quantities of industrial wastes. 

Dayton^ Ohio. The analysis given in Table 31 is an average analysis of 
sewage received at the treatment plant for the year 1930, as reported hy 
Morehouse. The sewerage system is primarily of the separate type and 
small quantities, only, of industrial wastes are present. 

Fitchburgf Mass. The analysis given in Table 31 is an average analysis of 
sewage received at the treatment plant during the years 1924 to 1928, 
inclusive, as published in the annual reports of the Commissioner of Public 
Works. The sewerage system is a combination of the combined and separate 
systems. Practically no industrial wastes are present. 

Providence^ R. I. The analysis reported in Table 31 is the average of 
analytical results obtained for the years 1926 to 1930, inclusive, as repen ted 
by Bugbee. The sewerage system is of the combined type with storm-water 
overflows. Relatively small (piantities of industrial wastes are pre.sent, 
but there is considerable infiltration of sea water. 

Toronto, Ont. The analysis given in Taolc 31 is an average analysis of 
sewage received at the North Toronto treatment plant during Januar}" and 
February, 1931, as reported by Harris. The sewerage system of this district 
is of the combined type and no industrial wastes are present. 

Clinton, Mass. The analysis given in Table 32 is an average analysis of 
catch samples collected during the yearn 1926 to 1930, as published in the 
annual reports of the Massachusetts Department of Public Health. Tht? 
stjweragc system is of the separate type, though a small quantity of storm 
water does enter the sewers. Industrial wastes from wool scouring are 
present in considerable quantities. 

Fort Worth, Tex. The analysis given in Table 32 is the average of ana¬ 
lytical results on nine 24-hr. composite samples taken during tl^ summer of 
1926 and five 24-hr. composite samples taken during the winter of 1927. as 
reported by Mahlie. The sewerage system is of the separate type and 
industrial wastes from packing houses are present in considerable quantity. 
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Pawtucket, R, L The analysis given in Table 32 is an average analysis of 
24-hr. composite samples from five different sewer outlets, collected June 
29-30, 1928, and analyzed by the authors. The sewerage system is of the 
separate type and industrial wastes from cotton, woolen and rayon mills 
are present in considerable quantities. 

Pittsfield, Mass, The t^alysis given in Table 32 is an analysis of a 24-hr. 
composite sample of sewage collected April 28-29, 1930, and analyzed by 
the authors. The sewerage system is of the separate type and industrial 
wastes from the manufacture of electrical equipment, paper and woolen 
goods are present in considerable quantities. 

Torrington, Conn. The analysis given in Table 32 is an analysis by the 
authors of a 24-hr. composite sample of sewage collected Sept. 25-26, 1928. 
The sewerage system is of the separate type and industrial wastes from the 
manufacture of brass and woolen goods are present in considerable quantities. 

. Allentown, Pa, The analysis given in Table 33 is an analysis by the 
authors of sewage collected from Oct. 26 to Nov. 2, 1926, from one district 
having separate sewers and no industrial wastes. 

Brockton, Mass. The analysis given in Table 33 is an average analysis of 
sewage received at the treatment plant during the years 1929 and 1930, as 
repoj^d by Crocker. The sewerage system is of the separate type and 
industrial wastes are relatively immaterial. 

Dayton, Ohio. The analysis given in Table 33 is an analysis by the authors 
of a 24-hr. composite sample collected Oct. 9-10, 1923, from one district 
having separate sewers and no industrial wastes. 

Marion, Ohio. Tlie analysis given in Table 33 is an average analysis of 
sew»xge received at the treatment plant during the years 1925 to 1928, 
inclusive, as reported by Browne. The sewerage system is mainly of the 
separate type and practically no industrial wastes are present. 

Rome, N. Y. The analysis given in Table 33 is that of a 24-hr. composite 
sample collected Sept. 9-10, 1930, as determined by the authors. The 
sewerage system is of the separate type and industrial wasters are absent, 
though ground-water infiltration is high. 
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CHAPTER VI 


OUTLINE OF METHODS OF SEWAGE TREATMENT 
AND DISPOSAL 

The following outline, adapt*;d from the American Journal of Public 
Health (1), will serve to show the relation of the common sewage-treat¬ 
ment and disposal methods to the character and behavior of the various 
constituents of sewage which have discussed in Chap. III. 

Sewage-d;sposal Methods 

I * Disposal without treatment 

A, Dilution or disposal into water, including fish ponds 

B. Irrigation or disposal on land, including siihsurfa'/^ irrigation 

11. Disposal after treatment by one of the following methods or a com¬ 
bination of these methods 

A. Separation of solids and li(|uids 

1. Floating solids and coarse s\ispended solids by 

а. Racks 

б. Screens 

c. Skimming tanks, including aeration 

d. Detritus tanks 

e. Storm-water tanks 

2. Grit by 

a. Grit chambers 
h. Detritus tanks 
c. Storm-water tanks 

3. Coarse and fine suspended solids by 

а. Fine screens 

б. Sedimentation tanks 

(a) Plain-sedimentation tanks 

(b) Chemical-precipitation tanks 

c. Filters, contact aerators, activated-sludge treatment (see 
Treatment of Liquids'’) 

B. Treatment of liquid by 
1. Oxidation through 

o. Dilution 
6. Irrigation 

c. Sand filters 

d. Contact beds 

€. Trickling filters 
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f. Activated-sludge treatment 

g. Contact aeratom 

h. Chlorination 

2. Sedimentation following (e), (/), (g). 

3. Disinfection by chlorination 

(’. Disposal of effluent by 

1. Dilution 

2. Irrigation 

3. Reclamation in the form of water 

D. Treatment of solids by 

1. Digestion, usually in Imhoff or separate sludge-digestion tanks 

2. Dewatering on sand beds 

3. Dewatering by presses, vacuum filters, or centrifuges 

4. Drying of dewatered sludge in heat dryers 

E. Disposal of solids 

1. * As fill 

2. As fertilizer 

3. By dumping in water 

4. By incineration. 

Sewage Disposal by Dilution.—The disposal of sewage by dilution is 
the discharge of sewage into natural waters where, if the process be 
successful, the sewage will be dispersed through the waters in such a 
manner as to be carried away so rapidly, or be so changed in composition 
and character, that it will not prove offensive or a menace to health. 
In America, it is common practice to dispose of sewage by dilution in 
rivers, lakes and tidal waters. The active forces of purification are 
physical, chemical, bacteriological and biological. The principal 
physical forces ^re sedimentation and dilution; the chemical, biological 
and bacteriological processes are complex and authorities are not agreed 
as to the exact nature of the actions or the relative importance of the 
various agencies. The transformation of putrescible organic substances 
irito more stable organic matter and finally into inorganic and inert 
compounds,, nitrates, carbon dioxide and water, is a well-known and 
fundamental change. The problem of sewage disix)sal by dilution is 
to bring about the change without causing offensive conditions. 

In considering disposal by dilution, it is particularly important to pay 
attention to the suspended solids in the sewage, for while similar in 
composition to the dissolved substances, they are subject to somewhat 
different laws and actions. It is also of fundamental importance to 
remember that organic matter constitutes food for living organisms, as 
pointed out in Chap. III. Much of the suspended matter is not suitable 
food, being inorganic. There are probably rarely sufficient birds, fish 
and other food consumers present to remove all suspended food matter 
immediately, and a portion is either deposited about the sewer outlet or 
carried along by the current. 
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The velocity of the currents into which sewage is discharged may have 
an important bearing upon the results of such discharge. If sewage be 
discharged into a swiftly moving, relatively small stream, the suspended 
matter will be carried away from the community so rapidly that it will 
not have an opportunity to form deposits or to putrefy and cause offen¬ 
sive conditions within the community where it originates. When the 
stream reaches a lower riparian town, its slope may be flattened, with 
consequent reduction of velocity, thus allowing it to deposit a part 
of the suspended matter it has been carrying and affording time for 
the organic matter to decompose so as to produce offensive conditions. 
Such deposits may tend to anhoy nearby inhabitants as well as to cause 
objectionable shoaling of the stream. 

Sedimentation is also important because by it a substantial proportion 
of the organic matter of sewage ‘ may be removed from the diluting waters 
and retained at the bottom of deep i)ools in rivers, lakes and tidal waters. 
The decomposition of such sludge deposits is relatively slow. Thus, in 
som% rivers sedimentation will remove the settling solids from the waters, 
throwing upon the rivers principally the burden of the dissolved and 
colloidal organic matter. In time of freshet, when there is ample 
volume of water and swift currents, such deposits may be scoured out 
and the rivers relieved of the burden of changing this organic matter 
to mineral or more stable organic substances. Under such conditions 
sedimentation in the river performs a function similar to that of sedi¬ 
mentation tanks, through which the sewage may be passed before its 
discharge into the stream. 

If the proportion of sewage to diluting water is large, the bacteria 
may thrive to such an extent that their demand for oxygen will exhaust 
the available supply and anaerobic processes will set in, followed by the 
offensive conditions of putrefaction. In any event, such processes are 
likely to go on in the sludge banks formed by the precipitation of organic 
sewage matters. If, on the other hand, there is enough oxygen to meet 
the demands of the bacteria, the aerobic organisms will predominate 
and the organic matter will be oxidized. By bacterial oxidation the 
organic matter is converted into simpler compounds, some of which are 
suitable for plant food, and the oxidation of sewage under conditions 
favorable to the growth of plants is certain to be followed by such growth. 
Just what the functions of the plankton are under all conditions is not 
clear, but it is certain that the oxygen exhaled by them is an important 
factor in maintaining the supply of dissolved oxygen in water under 
certain conditions. 

The effect of temperature upon sewage disposal by dilution is more 
important than is sometimes recognized. A river may receive in winter, 
without creating objectionable conditions, a quantity of sewage which, 
in summer, would cause it to be extremely offensive. Bacterial action 
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at low temperatures is relatively slow and sewage may be carried by the 
stream receiving it to tide water, or to a point where ample dilution is 
afforded, before there is enough bacterial development to cause objec¬ 
tionable conditions. This has an important economic bearing, for, in 
summer, sewage treatment may be carried to a degree insuring satis¬ 
factory conditions at an expense which, if continued through the year, 
would be prohibitive; advantage may be taken of winter conditions by 
providing a less complete treatment, care being taken to avoid sludge 
deposits which may prove objectionable during the succeeding warm 
season. 

An ample supply of dissolved oxygen must be present constantly 
in natural waters receiving sewage, if putrefactive conditions are 
to be prevented. The two sources from which the supply can be 
renewed are the atmosphere and the plankton. The latter is most 
effective in the northeastern part of this country during August and 
September. 

Absorption of oxygen from the atmosphere is usually the chief 
source of dissolved oxygen in water. It is this ability of water to absorb 
oxygen from the air rapidly which has maintained the purity of most 
ponds, lakes and oceans notwithstanding the large quantity of organic 
matter and other contaminating material washed into them from the 
surface of the earth by the natural runoff. Moreover, there is no 
evidence of deterioration of the quality of these waters except in isolated 
cases, where the digesting capacity of the water has been exceeded. 
The rapidity with which a water, whose dissolved oxygen has been 
reduced by sewage oxidation, will absorb oxygen from the atmosphere 
varies greatly under different conditions, as explained in Chap. VII. 

Limitations of Sewage Disposal by Dilution.—In Chap. II the limita¬ 
tions upon disposing of sewage by discharging it into natural waters 
have been outlined. To prevent putrefactive conditions it is often 
necessary to resort to the treatment of sewage prior to its discharge. 
If floating matter alone is objectionable, it is necessary to remove that 
only. If deposits are the source of complaint, the removal of the 
settleable solids may be enough. Where dilution fails because of lack 
of oxygen, the treatment of the sewage may be carried far enough to 
reduce its oxygen demands to such a degree that the oxygen supplied by 
the natural water may meet them. It is essential, before determining 
the exact type of treatment to be adopted, to ascertain the requirements 
of the situation and the extent to which it is necessary to remove the 
objectionable constituents from the sewage. 

Aeration of Sewage Prior to Disposal.—One method of treating 
sewage, which has been tried in a few cases, provides simply for the 
aeration of the sewage before its discharge into water, in order to 
increase its oxygen content and lengthen the period of time before 
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putrefaction begins. However, the consumption of oxygen by the organic 
matters in the sewage goes on long after the effect of such aeration is 
l)ast, for the quantity of oxygen introduced by such means is small 
compared with that necessary to render sewage nonputrescible indefi¬ 
nitely. This process seldom has been applied for the treatment of raw 
sewage, but occasionally has proved advantageous in conjunction with 
other treatment processes, to increase the oxygen in plant efliuents prior 
to discharge into the diluting waters. 

Such a process might be used in a flowing stream as an oxygen booster 
to carry the organic load past one or more stretches where offensive 
conditions might be produced in the absence of some treatment to reduce 
the load or increase the dissolved oxygen. A similar effect may be 
brought about by treating with sodium nitrate a stream which has a 
low oxygen content because of the discharge into it of relatively large 
quantities of sewage or industrial wastes. In this case the nitrate 
furnishes oxygen to assist the dissolved atmospheric oxygen of the 
streafn in preventing objectionable conditions. 

Impounding Reservoirs as a Substitute for Sewage Treatment.— 
Another method of treatment, which is applied to a stream rather than 
to the sewage discharged into it, is the construction of a series of 
imi)Ounding reservoirs in order to retard the flow of the stream and 
and promote self-i)urification. This scheme, as described by Imhoff, 
has been adopted to lessen the pollution of the Ruhr River in Ger¬ 
many (2). One reservoir, Lake Hengstcy, had been completed by 1929, 
when it was decided to construct seven more. Upon completion of the 
undertaking, the time of flow of the Ruhr River between the first 
reservoir at Hengstey and the last one at Kahlenberg will be increased 
to 84 days during extreme low water, as compared with 18 days under 
similar conditions during 1929. The oxygen saturation, it is estimated, 
will be approximately 100 per cent, without making any substantial 
increase in the quantity of sewage subjected to biological treatment 
before discharge into the river. In 1929 the oxygen saturation was 
about 40 to 60 per cent. 

Imhoff states that there are two prerequisites to the construction of 
impounding reservoirs as a substitute for sewage-treatment plants, as 
follows: 

First, the municipal sewage must be freed from sludge-forming solids as 
far as possible in sedimentation tanks. Otherwise sludge would accumulate 
on the reservoir bottom and putrefy in summer. The reservoirs, therefore, 
may well replace biological treatment, but not sedimentation. 

Secondly, in winter, the river must carry an adequate amount of water; 
for during cold weather natural self-purification is greatly reduced, also in 
reservoirs. Adequate dilution of the sewage by river water is then required. 
Both requirements are met in the Ruhr District. 
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Fish Ponds. —method of sewage disposal involving dilution is the 
discharge of settled sewage into shallow artificial ponds which are stocked 
with fish. Reclamation of the nutritive elements contained in sewage, 
through the intermediate activity of bacteria, plankton and other small 
aquatic organisms, in the form of fish flesh was first emphasized by 
Hofer, Professor of Zoology in the University of Munich. The feasi¬ 
bility of this process must be apparent from what has been said about 
the succession of life in sewage-polluted streams. The difliculties 
encountered relate to the maintenance of a sufficiently high oxygen 
concentration by keeping the sewage fresh, avoiding sludge deposits 
and destroying surface growths which prevent re-aeration or absorb 
oxygen from the water; the elimination of toxic substances, such as 
hydrogen sulphide, and of flocculent masses of iron hydrate and the 
like which deposit on the gills of the fish and cause asphyxiation; and 
the maintenance of a biological balance that will yield adequate quanti¬ 
ties of fish food. 

This process has not been applied in the United States. As practiced 
in Central Europe, dilutions of 2 to 5 volumes of clean water are 
employed for settled sewage. The ponds are 1 to 23 ^ ft. deep, one acre 
of pond surface being provided for 800 to 1200 persons. The ponds 
are drained and cleaned during the winter, when ice conditions and 
retardation of life processes interfere with the raising of fish. The 
sewage is disposed of by other means during this time. Special hibernat¬ 
ing basins are provided at Strasbourg for the plant and animal pond life. 
In the spring, the ponds are filled and stocked with fish. Ducks keep 
the ponds clear of undesirable weeds. 

The fish raised are usually carp and tench, both highly prized in 
Europe, but not in America. When the dilution is great, rainbow trout 
also are stocked. A pond one acre in area is said to produce from 400 
to 500 lb. of fish flesh and from 200 to 250 lb. of duck meat a year. The 
most notable plant in Europe is the one at Strasbourg, where the fish 
ponds remove 88 per cent of the organic material and 80 per cent of 
the nitrogen from the sewage. The effluent is clear and contains about 
10,000 bacteria per cubic centimeter. A large plant is in process of 
development at Munich. 

Sewage Disposal by Irrigation.—^The alternative to sewage disposal 
in water, called dilutwriy is sewage disposal upon land, called irrigation. 
Both are essentially disposal processes as opposed to treatment processes, 
because uncontrolled, natural purifying agencies are relied upon to 
render the sewage matters inoffensive. Dilution makes use of the 
forces of purification operative in water; irrigation calls upon those 
active in soil. If irrigation also is classified as a treatment process, 
this is due chiefly to the fact that irrigation ditches and sometimes 
underdrains must be provided tmd that many sewage-irrigation plants 
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have effluents which are discharged into streams or other bodies of 
water for final disposal. 

There are two distinct types of irrigation projects, sewage farming and 
subsurface irrigaiion. Sewage farming, also known as broad irrigation 
and land treatment^ dates back to the earliest days of sewerage systems. 
In this process sewage is caused to flow over cultivated fields or to 
percolate through the ground until it joins the natural ground water or 
passes into underdrains, incidentally watering and to some extent 
fertilizing the growing crops. In subBrnface irrigation sewage is dis¬ 
tributed beneath the surface of the ground and penetrates into the soil 
from open-jointed pipes. While sewage farming has been employed 
for very large communities, as well as for smaller ones, subsurface 
irrigation is confined to smaU water-carriage systems, more particularly 
to those of isolated dwellings, hotels, country clubs and institutions. 

Irrigation with sewage in the form of sewage farming is carried out 
witjji two objects in view: proper disposal of the sewage and cultivation 
of crops from which revenue may be obtained. The disposal of sewage 
should be the primary objv^ct, in most cases, and the raising of crops 
secondary, controlled so as not to interfere with the purification of the 
sewage. In subsurface irrigation, the cultivation of crops is considered 
only incidentally. 

Limitations of Agricultural Utilization of Sewage.—Sewage farming 
can compete with the so-called artificial treatment methods only when 
large tracts of suitable land are available at low cost, efficient manage¬ 
ment, from both sanitary and agricultural viewpoints, is assured, and 
water is scarce and hence valuable. 

In America sewage farming seems practically restricted to the se'^oiarid 
regions of the Southwest. Sewage is produced constantly, whereas 
the growing of crops, the prevalence of rain and other factors governing 
the farming requirements are intermittent. F'requently the require¬ 
ments for the disposal of sewage conflict with those for the growing of 
crops, resulting in deficiencies in disposal. Objectionable odors may at 
times be created and annoyance may be caused by the breeding of flies. 
Sewage should not be used in the irrigation of vegetables which are to be 
eaten raw. The possibility of pollution of underground water must 
also be considered. Broad irrigation or sewage farming has been 
largely superseded by modern methods of sewage treatment. In some 
cases, this will result because of expanding areas of population which will 
encroach upon the sewage irrigation area. In others, it will be caused 
by the difficulties of disposing of increased volumes of sewage in a 
sanitary manner by irrigation. 

Need for and Extent of Sewage Treatment. —As previously stated, 
there are limitations to the disposal of sewage by dilution or irrigation 
and, in order that sewage may be disposed of without creating objection- 
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ablu conditions, it freciuently becomes necessary to provide treatment 
by artificial means. This may involve only the removal of floating 
.matter or settleable solids from the sewage, or some form of oxidation 
may be required. 

Sedimentation of sewage for the purpose of separating the solid 
matter from the liquid seldom reduces the putrescibility of the sewage 
by more than one third as measured by its biochemical oxygen demand. 
The oxygen demand of settled sewage is exerted by organic materials 
that are not subject to gravitation deposition, because they aj-e present 
in the sewage largely in the colloidal state and to a less extent in solution 
or in very fine suspension. While chemical precipitation will carry 
down part of this putrescible matter, experience has shown that these 
substances are removed or stabilized most effectively by a group of 
treatment processes which are variously termed oxidationor “biologi¬ 
cal’’ methods, among which trickling filter treatment and the activated- 
sludge process are at present most prominent. The combination of the 
sedimentation of sewage with some form of oxidation process is some- 
tiipes called “complete” treatment. 

Hygienic considerations, such as the contamination of water supplies, 
natural ice, shellfish and bathing-beach waters, may require the com¬ 
plete treatment of the sewage and the disinfection of the treatment- 
i^ant effluent. The exact type of treatment to be adopted depends upon 
the requirements of the situation. In selecting the type of plant, 
consideration must be given to the characteristics of the sewage and of 
the plant site, as well as to the extent to which the objectionable con¬ 
stituents must be removed from the sewage. 

Reclamation of Sewage. —In some sections of the country water is 
scarce and must be transported long distances to points where it is 
needed. This difficulty has been partly overcome in certain instances 
by subjecting sewage to complete treatment by the activated-sludge 
process, purifying the effluent of the sewage-treatment plant and 
utilizing the resulting water. Such a scheme has been in effect at 
Grand Canyon, Ariz., since 1926, as a substitute for hauling water a 
considerable distance in tank cars. Here the reclaimed sewage is used 
for all purposes except drinking, cooking and washing. 

Since 1930 the city of Los Angeles has been demonstrating the practi¬ 
cability of reclaiming sewage and utilizing it for the purpose of increasing 
the ground-water supply. At the demonstration plant sewage is purified 
by sedimentation, actiyated-sludge treatment and filtration and is then 
applied to sand beds where it joins the ground water. Goudey (3) 
reports that frequent analyses of the purified sewage have shown it to 
be better than the water brought to Los Angeles by aqueduct from the 
high Sierras and about the same in quality as the city ground-water 
supply. 
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REMOVAL AND DISPOSAL OF COARSE SUSPENDED MATTER 

Coarse suspended matter is removed from sewage by one or more of 
the following devices, depending upon the character of the material and 
the purpose of its removal: racks, screens, grit chambers, skimming 
tanks, detritus tanks and storm-water tanks. 

Racks. —Racks are commonly used for the protection of appliances 
for conveying and pumping sewage and sewage sludge, the general 
protection of sewage-treatment plants and in conjunction with sewage 
disposal by dilution. They are constructed of parallel bars or rods 
and may be termed “fixed” of ‘^movable,” according to their characteris¬ 
tics, and ^'hand-cleaned” or "machine-cleaned,” according to the 
method of cleaning. Racks may remove from 0.t5 to 6 cu. ft. of material, 
called "rakings,” from each million gallons of sewage treated. In 
conjunction with sewage disposal by dilution, the chief value of racks 
is the removal of large, coarse, unsightly matters, which will float 
on 1;he surface of the diluting waters or become stranded on their 
shores. 

Screens. —Screens are similar to racks, but the openings in the former, 
through which the sewage ])asses, are considerably smaller. They are 
commonly used for the removal from sewage of the coarser floating and 
suspended matters, such as cloth, paper, kitchen refuse, pieces of wood, 
cork, hair fiber and uncomminuted fecal solids. They are constructed 
of perforated plates or wire cloth, the former being most commonly used. 
The principal objects of screening are: the removal of matters that tend 
to form scum on settling and aeration tanks or on sludge-digestion 
tanks; the removal of solids likely to clog trickling filter nozzles f'r the 
surface of filters or irrigation areas; the removal of solids that may 
settle to the bottom of aeration units; the removal of coarse solids and 
uncomminuted fecal matters that are not readily penetrated by chlorine 
when sewage is disinfected; the removal of unsightly matters whicii will 
float on the surface of diluting waters or become stranded on their 
shores, or the reduction in the quantity of sludge settling to the bottom 
of slow-moving bodies of water and likely to form sludge hanks or 
cause offense by decomposing. Screens may remove from 5 to 30 cu. ft. 
of material, called "screenings,” from each million gallons of sewage 
treated and from 2 to 10 per cent of the suspended solids. 

Disposal of Rakings and Screenings. —The material removed from 
sewage by racks and screens is unsightly and offensive. Hence it is 
desirable to clean these devices frequently and make prompt disposition 
of the rakings and screenings. The most common method of disposal 
is by burial, although, if buried too deeply, the screenings may remain 
as deposited without material improvement in their condition and, if 
not sufficiently covered, they may cause odors and attract rodents and 
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flies. . At Baltimore takings are ground and returned to the sewage for 
treatment and disposal with the other solids. 

Other methods of disposal include dumping at sea and incineration. 
Before incineration, it is common practice to dewater the material 
partially by pressing or centrifuging. Incineration of screenings, like 
that of garbage, must be carried on at high temperatures, to prevent 
the escape of odors from the stack. 

Grit Chambers.—Another device for the removal of coarse suspended 
matter from sewage is the grit chamber. This is an enlarged channel 
or long tank placed at the influent end of a siphon, pumping station or 
treatment plant which it is designed to protect. The cross section of 
the grit chamber is designed so as to reduce the velocity of the flowing 
sewage, but only enough to cause the deposition of the heavier solids. 
The object is to remove the heavy mineral matter, such as sand, gravel 
and bits of coal and cinders, as well as the heavy, but nearly inert, organic 
matter, such as coffee grounds, fruit seeds, mash and similar substances, 
in order to protect or to secure the economical and satisfactory operation 
of sewerage and sewage-treatment systems. 

Grit chambers may be desirable for the following purposes: to prevent 
clogging of inverted siphons and submerged outfall pipes by material 
that can be removed therefrom only with difficulty; to prevent silt 
deposits in bodies of water into which sewage is discharged through 
outfalls or storm-water overflows; to prevent injury to pumping machin¬ 
ery; to avoid excessive w^ear on mechanical devices; to facilitate the 
handling and treatment of sludge in sedimentation and digestion com¬ 
partments; or to prevent interference with operation of diffuser plates in 
aeration tanks. Grit chambers provide, at relatively small cost, a 
satisfactory means for removing heavy mineral matter from sewage. 

The material removed by grit chambers at some plants may be fairly 
free from organic matter and is said to have been used for walks or 
drives, for renewal of surfaces of sand beds or for covering more objec¬ 
tionable material. If the grit is offensive, it is commonly limed and 
covered over at the sludge dump. A plant is provided at Milwaukee 
for the‘incineration of grit with screenings, although at present it is 
used for the disposal of screenings alone. 

Skimming Tanks.—Floating matter may be removed from sewage in 
skimming tanks, which are chambers so arranged that floating matter 
rises and remains on the surface of the sewage until skimmed off, while 
the liquid flows out continuously under partitions, curtain walls or deep 
scum boards or through submerged outlets. 

The material collected on the surface of skimming tanks includes 
oil, grease, soap and vegetable and fruit d6bris, originating in household 
and industry. The removal of these substances, notably oil and grease, 
is desirable where* the formation of unsightly scum or sleek on waters 
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receiving otherwise untreated sewage is to be avoided; where similar 
conditions are to be obviated in the tanks of sewage-treatment works, 
and where heavy discharges of oil and grease would interfere with aera¬ 
tion in the activated-sludge process of sewage treatment or with the 
re-aeration of sewage-polluted waters. 

Recently a short period of aeration has been used to cause cohesion 
and flotation of grease particles and oily substances, which then may be 
collected in the form of scum. The efficiency of skimming tanks is said 
to be materially increased thereby. The scum may be removed from 
the sewage in compartments adjacent to the aeration chamber. Detri¬ 
tus tanks, sedimentation tanks and sedimentation compartments of 
Imhoff tanks may be designed and equipped for the retention, collection 
and removal of floating matter, serving thereby as skimming tanks. 

Skimmings are commonly disposed of by burial, incineration or 
digestion. 

Detritus Tanks.—Detritus tanks or chambers usually provide a 
longer detention period than grit chambers, commonly with provision for 
removing the sediment without interrupting the flow of sewage. They 
are essentially settling tanks providing short detention periods, designed 
primarily to remove heavy settleable solids. Provision has been made 
at certain treatment plants in this country for drawing off 10 to 15 per 
cent of the average sewage flow with the settled sludge and passing this 
concentrated liquor through grit chambers, where the grit is separated 
out, then through fine screens, where the coarser suspended solids are 
removed, and thence returning^the screened sewage to the effluent of the 
detritus tanks. 

All of the solid matter settling in the detritus tanks may be removed 
and disposed of, to lighten the burden on subsequent treatment units. 
This is done at Indianapolis, where so-called “concentrate thickener’* 
tanks are provided and the heavy sludge is continuously removed by 
mechanical means. 

The material removed from sewage by detritus tanks is generally 
potentially offensive and should be dewatered and incinerated or other¬ 
wise disposed of promptly and in a manner to avoid causing offense. 
In some cases it is limed and covered with less offensive material or with 
fresh earth at the sludge dump. 

Storm-water Tanks.—^At many sewage-treatment plants provision is 
made for by-passing all sewage and storm water in excess of a certain 
quantity and discharging it without treatment into a stream. At a 
few plants, however, storm-water tanks are provided, in order to give 
the lower flows in excess of those provided for in the treatment plant a 
brief period of sedimentation prior to disposal by dilution. These tanks 
are in effect detritus tanks for storm flows, from which the settled solids 
are removed following the return to normal flow. The most important 
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function of storm-water tanks is the retention of putrefactive solids, 
which, if discharged into a watercourse, might accumulate in sludge 
banks and continue to give trouble as they decompose. Such tanks 
serve to catch the first flush of storm water, which usually contains very 
large quantities of suspended solids. The solid matter retained in storm¬ 
water tanks may be disposed of in the same manner as the solids removed 
from detritus tanks. 

REMOVAL OF FINE SUSPENDED MATTER 

Classification of Sedimentation Tanks. —If sewage, partly treated 
sewage or other liquid containing settleable solids is retained in tanks 
long enough and at velocity low enough, a part of the suspended matter 
may be settled out. A distinction is usually made between the removal 
of heavy mineral solids, called grit, in grit chambers, the removal of 
heavy and coarse solids, called detritus, in detritus or storm-water tanks 
during a short sedimentation period, and the settling out as sludge of 
lighter, more organic, sewage solids in sedimentation tanks during a 
more prolonged detention period. 

Sedimentation tanks may be classified as follows: plain-sedimentation 
tankSf in which sedimentation occurs without the addition of chemicals 
to precipitate the suspended solids and without a sufficient detention 
period to produce anaerobic decomposition; chemical-precipitation tankSj 
in which the sewage receives treatment by chemicals to precipitate the 
solids and thereby increase the quantity of suspended solids settled out; 
septic tanks^ in which the sludge is in immediate contact with the sewage 
flowing through the tank, the sludge being retained in the tank for a 
sufficient period to secure satisfactory decomposition of organic solids 
by anaerobic bacterial action; and Imhoff tanks, consisting.of an upper 
or continuous-flow sedimentation chamber and a lower or sludge-diges¬ 
tion chamber, the floor of the upper chamber sloping steeply to trapped 
slots through which solids may settle into the lower chamber, where 
they are retained for anaerobic bacterial digestion. 

In addition to these four common types of tanks, which are used for 
the removal of fine suspended matter from sewage, certain other proc¬ 
esses occasionally have been utilized to accomplish the same purpose. 
Among the latter may be mentioned the Miles acid process, the electro¬ 
lytic treatment of sewage and the magnetite filter which is utilized at 
Dearborn, Mich., as an adjunct to chemical precipitation. 

Plain-Sedimentation Tanks. —Sedimentation may be effected in 
fill-and-draw or continuous-flow tanks, the latter type being most 
commonly used. They are provided for the separation of settling solids 
from sewage, and the sludge settled out is removed from the tanks 
either continuously or intermittently but before anaerobic bacterial 
digestion is prodifccd. Prior 1*;^ disposal, the sludge may be subjected 
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to treatment such as digestion in separate tanks and deij^atering omsand 
beds. 

The detention periods employed vary according to the purpose for 
which the tanks are provided, the efficiency of sedimentation required 
and the character of the sewage treated. Periods of 1 to 6 hr. are com¬ 
mon, although experiments indicate that ordinarily little may -be 
accomplished in the way of sedimentation by prolonging detention 
periods beyond 2 hr. 

By plain sedimentation it is possible to remove from 40 to 75 per cent 
of the suspended matter and 30 to 35 per cent of the organic matter, as 
measured by the biochemical-oxygen-demand test, from sewage of 
average strength in 1 to 4 hr. In well-designed tanks from 80 to 95 per 
cent of the settleable solids may ])e deposited. Bacterial removal often 
approximates that of suspended matter. 

‘ The development of mechanical equipment for facilitating continuous 
sludge removal has aclded to the usefulness of plain-sedimentation 
tallies. Tanks thus equipped may be used for sedimentation alone, as 
at Syracuse; as preliminary-sedimentation tanks prior to the activated- 
sludge process, as at the North Side plant at Chicago, or prior to trick¬ 
ling filters, as at vSpringfield, Mo.; as final-sedimentation tanks in the 
activated-sludge process, as at the Chicago North Side plant; and as 
humus tanks following trickling filters, as at the Southerly plant at 
Cleveland. 

Chemical-Precipitation Tanks.—In (^rder to increase the efficiency of 
sedimentation of suspended matter and induce deposition of colloidal 
matter, the process of chemical precipitation sometimes is utilized. 
This process involves the addition to sewage of chemicals that form 
floe in the liquid. Flat-bottom horizontal-flow tanks have been 
employed commonly in connection with this tyjie of treatment. Their 
design does not differ materially from that of plain-sedimentation tanks, 
except that provision for larger volumes of sludge may be required. 
The recent installations of chemical-precipitation tanks have included 
mechanical equipment to facilitate continuous sludge removal. 

The most common substances used as precipitants are lime, alum, lime 
and copperas, ferric salts, sulfuric acid and sulfur dioxide. The degree of 
clarification obtajn(‘,d depends upon the quantity of chemicals used and 
the care with which the process is controlled. 11 is practicable by 
chemical precipitation to remove 80 to 90 per cent of the total suspended 
matter, 70 to 80 per cent of the biochemical oxygen demand and 80 to 
‘90 per cent of the bacteria. 

The handling and disposal of sludge resulting from chemical precipi¬ 
tation is one of the greatest difficulties with this method of treatment.* 
Although the ettlucnt may have a fairly satisfactory appearance, it is 
ordirmrily putres(;ible and not comparable with the effiueuts produced 
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by oxidation processes. These drawbacks, together with the expense of 
chemicals, have curtailed the use of chemical precipitation. Never¬ 
theless, during the years 1932 to 1935, experiments with this process of 
sewage treatment have been carried on in a number of places. Since 
1932 a few sewage-treatment plants using a chemical-precipitation 
process have been put into operation. A field of usefulness for chemical 
precipitation is in the treatment of industrial wastes difficult of treat¬ 
ment by oxidation processes. 

Miles Acid Process.—The Miles process of treatment attempts, by 
the addition of an acid to the sewage, to precipitate the bulk of the 
solids in the form of a sludge which can be dried and degreased, thereby 
producing for sale both fertilizer and grease. An important sanitary 
feature of the treatment is that the acidified sewage contains few bac¬ 
teria and but little suspended matter. The process has not been 
adopted in this country for treatment of domestic sewage, although the 
sewage of Bradford, England, has been treated with acid for many years. 
Here large quantities of grease are present in the sewage, because of the 
wool-scouring liquors discharged into it. The acid process is used in 
America for the treatment of certain kinds of industrial wastes. 

Septic Tanks.—Septic tanks arc essentially single-story sedimentation 
tanks, in which the settled sludge is allowed to remain for decomposition. 
The tanks are commonly of the horizontal-flow, flat-bottom or hopper- 
bottom type. The detention period provided allows the sewage to 
undergo anaerobic decomposition in direct contact with the decom¬ 
posing sludge. The detention period is in general from 8 to 24 hr. 
The sludge should be retained in the tank for a sufficient period 
to secure a satisfactory digestion of organic solids, although this is 
difficult to obtain in such a tank because of the continuous addition of 
fresh solids to the accumulated sludge. 

Except for small, usually private or institutional installations, in 
which septic tanks find wide application, this type of tank has been 
displaced by Imhoff tanks or by plain-sedimentation tanks combined 
with separate sludge-digestion tanks. Among the factors unfavorable 
to the septic tank are: the large quantities of suspended solids at times 
in the effluent; the often offensive, septic character of the effluent; the 
operation difficulties due to scum,, odors and sludge of poor drying 
quality; and the greater economy of other sedimentation and sludge- 
digestion methods. 

Imhoflf Tanks.—A variation of the septic tank is a deep, two-story 
tank, developed by Imhoff, in which the sewage passes through the^ 
upper or continuous-flow sedimentation compartment and the settling 
solids fall through trapped slots into the lower or sludge-digestion 
chamber. The digestion compartment receives no fresh sewage 
directly. Theoretically, the tahk carries on simultaneously and inde- 
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pendently, by rneanB of its two-story construction, the functions of both 
plain-sedimentation and sludfge-digestion tanks. The Imhoff patent 
on this type of tank has expired. 

Most of the Imhoff tanks in this country are rectangular in plan and 
of the horizontal-flow type. The bottom of the tank is usually con¬ 
structed in the form of hoppers or troughs and the sludge is withdrawn 
through pipes which extend to within a short distance of the hopper or 
trough bottom. 

Imhoff tanks have ordinarily proved to be more satisfactory than 
septic tanks and have been included in many recent large sewage- 
treatment plants. They are in competition with plain-sedimentation 
and separate sludge-digestion tanks. The relative advantages and 
disadvantages are dependent upon local conditions and requirements. 

The efficiency of sedimentation in Imhoff tanks is substantially the 
same as that in plain-sedimenf ation tanks. In general, some 40 to 
76 per cent of the suspended solids are removed from the sewage in the 
sedimentation compartment and from 30 to 35 per cent of the organic 
matter as determined by the B.O.D. test. 

Blectrolytic Treatment.—A number of proprietary processes have been 
promoted in which an electric current is passed through sewage with 
one or more of the following aims: production of a chemical precipitant 
for the removal of suspended solids; neutralization at the electrodes of 
the electrical charges of colloidal matter with resultant precipitation; 
reduction and subsequent oxidation of organic matter by the nascent 
hydrogen and oxygen produced by electrolysis of the water; deodoriza- 
tion of the sewage; or disinfection of the sewage. 

In some early installations, precipitating chemicals were formed by 
decomposition of the electrodes, iron hydrate being produced, for 
example, by the use of iron electrodes. • In one of the later processes, 
known as the direct oxidation process, lime is added to the sewage before 
it is electrolyzed. Disinfection and deodorizing are commonly attri¬ 
buted to the production of hypochlorites from the salt contained in 
the sewage, or, when lime is added, to the excess hydrate alkalinity. 

A sewage-treatment plant employing the lime-electrolytic process 
has been in operation for several years at Winston-Salem, N. C. 


FILTRATION AND OXIDATION OF LIQUID 

Classificatioii of Oxidation Processes .—Oxidation may be defined 
as the process whereby, through the agency of living organisms in the 
presence of free oxygen, the organic matter is converted into a more 
stable form* or into mineral matter. Generally speaking, oxidation 
of sewage is accomplished by filtration or by the activated-sludge 
process. 
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“'^Fllttatiou uiiittf may take the form of intermitteut filters, cq^tact 
beds or ttickling filters. An intermittent filter is a natural or artificial 
bed of sand or other fine-grained material, to which sewage is applied 
in intermittent doses and through which it percolates to underdrains. 
A tontact bed is an artificial bed of coarse material^ such as broken, stone 
or clinkers, in a watertight basin, which is operated in cycles of. fifiing 
with sewage, standing full, being emptied and resting enipty:» A 
trickling filter is an artificial bed of coarse material, over which sewage is 
distributed intermittently and through which it trickles to underdrains. 

In the activated-sludge processy sewage flowing through a tank is 
brought into intimate contact with air and biologically acrtive sludge 
previously produced by the same process. Occupying a position 
intermediate between filtration and activated-sludge treatment is the 
submerged contact aerator, or Emscher filter, in which a filtering medium 
that is artificially aerated is suspended in flowing sewage. 

Contact Aerators. —Contact aerators may be built by submerging a 
crate holding veneer mats, laths, brushwood, coke or other medium in a 
sedimentation compartment and providing for the admission of air from 
l>elow, to cause the sewage and air to flow upward through the medium 
and return downward on the outside (\f the crate- Growths which 
form on the medium must be removed at frequent intervals, in order to 
make the contact aerators effective. 

! It has been stated that the contact aerator may effect a 30 per cent 
increase in the efficiency of treatment obtained by the sedimentation 
unit without such provision. 

Intennittent Filters. —The action of the intermittent filter may be 
separated into two functions, mechanical straining and transformation 
of dissolved organic substances into stable material. Whpn sewage is 
applied to sand filters, the coarser suspended particles are retained on 
.the surface, forming a thin compact mat, which docs not allow water to 
pass readily. Where unsettled sewage is applied, such a mat will be 
formed in a relatively short time, and must be removed frequently in 
order to maintain the efficiency of the filter. It has come to be the 
custom, therefore, to pass the sewage through sedimentation taiiks 
before applying it to filters, thus reducing the frequency of cleaning 
the beds. This, however, is accomplished somewhat at the expense 
of the porosity of the sand below the surface, for the fine particles in the 
settled sewage are capable of penetrating to a depth of 1 in. or more. 
Where unsettled sewage is applied, a portion of such matter-is retained 
by the surface mat. : 

' - The* oxidizing action of the filter depends upon the life processes of 
biieteria. Every particle of sewage comes into contact witJi the sand in 
such a way that a portion of the colloidal and dissolved matters may b(^ 
thrown out of solution by attraction or adsorptif)n. These substanc(‘s. 




METHODS OF SEWAGE TREATMENT AND DISPOSAL 137 

together with the bacterial growths or zoogloca, attach themselves to 
the grains of sand in a gelatinous film covering each grain. This film, 
while appearing to adsorb from the passing sewage dissolved and col¬ 
loidal matter, is also the home of bacteria which feed upon an^l break 
down the complex adsorbed organic matter and transform it into stable 
substances. 

The results obtained by the intermittent filtration of ordinary munic¬ 
ipal sewage leave little to be desired. The effluent from a well- 
designed and carefully operated plant is usually practically clear, free 
from suspended matter, nearly colorless and without odor, and contains 
little organic matter and but an extremely small part of the bacteria 
applied to the filter. It is not to be inferred, however, that the effluent 
from an intermittent sand filter is suitable for domestic consumption. 
It is possible that at times some of the bacteria of the sewage pass 
through the sand bed and such effluent must be treated further by 
disinfection if it is necessary to reduce the danger of the transmission of 
such organisms. 

The process has been found generally applicable only in localities 
having natural deposits of sandy soil. Because of the extensive filtra¬ 
tion areas required, it is not suitable for large cities but will probably 
continue to be used successfully by many small communities and by 
institutions. Intermittent filtration is generally considered to be more 
reliably efficient than other methods of tieatment, especially for small 
plants where skilled supervision is not available. 

In some instances intermittent filters have been adopted for the 
treatment of effluents from contact beds, trickling filters and activated- 
sludge units. In such cases the rate of dosing the beds may be greatly 
increased and the area of beds required may be comparatively small. 

Contact Beds.—Contact-bed treatment consists in applying sewage 
to a watertight tank filled with broken stone, cinders, coke or other 
inert substances, commonly t-i to 1 *2 in* in size and about 4 ft. deep. 
In England the material is often termed ballast.’^ When new, the 
bed will have from 40 to 50 per cent of voids, but these gradually become 
filled with sewage solids, and in many cases the contact material has had 
to be removed, cleaned and replaced after a service of about 5 yeairs. 
Such beds are often built in series of two or three; the effluent from the 
first, or primary bed passes to the second and from the second to the 
third, being improved in quality by each successive treatment. 

' Contact beds are filled with sewage, allowed to stand full, emptied 
and allowed to rest. The cycle is then repeated. Schedules vary, 
according to the design and the rate of sewage flow, for the time of 
resting depends upon the number of times a bed is filled each day. 
The following schedule may be assumed to illustrate such a cycle with 
three fillings per day: 
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Time of filling. 1.0 hr. 

Time of contact. 0.76 hr. 

Time of emptying. 0.26 hr. 

Time of resting. 6.0 hr. 

Time of cycle. 8.0 hr. 


While sewage is commonly settled before being applied to contact 
beds, it still retains a portion of its settleable solids and much fine 
suspended and colloidal matter. In the contact bed, the colloids are 
withdrawn from the sewage by the physical attraction of the contact 
material and the settling solids are deposited and largely retained in the 
interstices of the stone. Certain sewage bacteria find a favorable 
habitat in the organic matter attached to the stones and doubtless 
increase its quantity by their rapid growth, thus forming a gelatinous 
film adhering to the contact material. Here the organisms thrive and 
convert the organic matter into soluble stable organic substances, into 
mineral matter, into gases which either pass out of the filter dissolved 
in the effluent, or are liberated into the atmosphere, and into humus-like 
solids, some of which are washed out of the bed; the remainder accu¬ 
mulates until the contact material must be removed, cleaned and 
replaced. 

The efficiency of contact beds varies greatly with the many factors of 
design and operation which influence the degree of purification provided. 
In general, it may be said that from 60 to 80 per cent of the organic 
matter and 50 to 75 per cent of the bacteria are removed. The effluent 
of coarse-grained beds must undergo final sedimentation for the removal 
of suspended matter, if a high degree of efficiency is to be secured. The 
effluent from fine-grained contact beds is fairly clear and stable. 

Contact beds have seldom been used when the population to be served 
is much in excess of 5000. They are rarely retained when plants are 
enlarged, being superseded for the most part by other processes in which 
it is possible to secure a higher rate of treatment and degree of purifica¬ 
tion. However, they continue to serve a limited field of usefulness for 
small plants, as they require less head than trickling filters and provide 
less opportunity for the dissemination of odors. 

Trickling Filters.—trickling filter is an artificial bed of coarse 
material, commonly broken stone or clinkers, over which sewage is 
distributed in drops, films or sprays, from troughs, drippers, moving 
distributors or fixed spray nozzles, and through which it trickles to the 
underdrains. As in the case of contact beds, the filtering material 
of trickling filters becomes coated with a gelatinous film, inhabited by 
certain bacteria. Suspended and colloidal matters collect upon this 
film and by bacterial action, with the aid of atmospheric oxygen, reduc¬ 
tion of the organic matter taiHes place rapidly. The resulting more 
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stable solids created in the bed leave the filter periodically and final- 
sedimentation tanks are generally required, in order to remove such 
solids from the filter effluent. The sludge from these tanks is not so 
offensive as that from tanks in which suspended matter f^om raw 
sewage has been deposited and under the most favorable conditions may 
have an odor resembling that of garden mold. This has led to the 
application of the term “humus tanksto sedimentation tanks follow¬ 
ing trickling filters. 

To reduce the clogging of distributing nozzles and to prevent the 
voids in the filter medium from being filled with solid matter, pre¬ 
liminary treatment by sedimentation is commonly employed. 

Filter depths generally provided are from 5 to 10 ft. The design is 
sometimes based on providing rme sere of filters to serve each 20,000 per¬ 
sons, the range being roughly from 10,000 to 40,000 persons an acre. 
The rate of dosing trickling filters can be greatly increased if preliminary 
partial oxidation is provided in conjunction with sedimentation. 

Tte degree of purifimtion effected by trickling filters, as in the case 
of most other sewage-treatment processes, is influenced by many factors 
of design and operation. In general, the reduction of organic matter is 
60 to 85 per cent, and of bacteria 70 to 85 per cent. The trickling filter 
is capable of converting putrescible sewage into highly stable effluent 
with low B.O.D. The settled effluent of trickling filters may be treated 
on sand filters at relatively high rates, to reduce further the organic 
matter and bacteria and to produce a well-clarified final effluent. 

Trickling filters have largely superseded contact beds as a method of 
treatment but are now in competition with the activated-sludge process, 
which ordinarily produces a clearer effluent and is usually less expensive 
to construct. Trickling filters, however, cost less to operate, exclusive 
of pumping, and require less skill in operation. Among the difficulties 
experienced with the operation of trickling filters are clogging of the 
filter media, clogging of nozzles, dissemination of odors during the 
spraying of sewage on the beds and frequently the prevalence of a small, 
gray moth fly, Psychoda alternqta, about the filters. As a rule, however, 
trickling filters have established a reputation among sewage-works 
operators for successful operation. 

Activated-sludga Process.—The activatednsludge process consists 
essentially of agitating or stirring the sewage, in the presence of abundant 
oxygen and of sludge which has settled out of sewage previously passed 
through the activation or aeration tanks. 

When an activated-sludge plant is first placed in operation, the sewage 
is passed through the aeration tanks and then through sedimentation 
tanks, where the sludge is allowed to settle. This sludge is discharged 
into, and mixed with, the sewage entering the aeration tanks.^ After a 

^ The sludge thus i&troduoed into the seweg^ ts known as "return sludge." 
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•period of four to six weeks, the sludge settling out after aeration will 
be changed in character from ordinary sewage sludge to a fiocculent 
form, favorable to bacterial development, and when this sludge is 
introduced into the incoming sewage and the mixture is agitated in the 
presence of free oxygen, the sludge and impurities in the sewage gather 
together in small floes, which readilj’' settle out in the final-sedimentation 
tanks. Thus the solids and impurities of the incoming sewage are 
**seeded,’^ or rendered biologically active, to secure rapid purification 
when aerated with the incoming sewage. Once this biologically active 
sludge—from which the process gets the name of activated-sludge—“is 
well developed, a high degree of purification of the sewage is secured and 
the final effluent should be clear and nonputrescible. Thereafter a 
portion of the activated sludge, amounting to perhaps 25 per cent of the 
sewage flow, is added to the sewage as it enters the aeration tanks. The 
resultant ‘'mixed liquor” is aerated for a certain interval of time, 
commonly 4 to 6 hr., and then discharged into linal-sedimentation 
tanks, where a detention period of 2 to 3 hr. is often provided. 

Aeration is usually accomplished in this country by discharging 
compressed air into the bottom of the tank, whence it passes up through 
the liquid, although mechanical means for agitating the sewage have 
been installed at some of the smaller plants. In such cases the supply 
of oxygen is absorbed from the atmosphere. Iii England, such aeration, 
as well as the agitation, is frequently accomplished by revolving paddles 
or other mechanical means, A combination of aeration and agitation 
by means of compressed air and mechanical equipment is sometimes 
employed. 

Preliminary treatment of the sewage is generally provided prior to 
aeration. Usually grit and other heavy material must be removed 
from the sewage to be treated, because these substances are not readily 
maintained in suspension and tend to accumulate on tank bottoms. 
Furthermore, it is best to keep solids which are large in bulk, as well as 
floating matters, out of the aeration units, as they do not respond readily 
to treatment. It may be desirable to remove the settleable solids from 
the sewage prior to aeration. Therefore, depending upon local condi¬ 
tions, one or more of the following preliminary devices may be installed: 
racks, grit chambers, fine screens, skimming tanks, sedimentation tanks 
and contact aerators. 

Sedimentation tanks following the aeration tanks are a necessary part 
of the activated-sludge plant. Where the sewage receives only partial 
treatment by the process, the settled effluent may be oxidized further 
by means of sewage filters. 

A high degree of purification may be obtained by the activated-shidge 
process. In fact, it is possible fp remove from 90 to 96 per cent of the 
suspended solids and to reduce the B.O.D. in about the same proportion. 
It is possible with thig process to reduce the bacteria in sewage by more 
than 99 per cent. 
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The degree of purification obtainable under favorable conditions usu¬ 
ally is slightly greater than by trickling filters, with which this process is 
in competition, and the effluent is usually of better appearance. More 
skill is required in the operation of the activated-sludge plant There 
is, however, less danger of producing objectionable odors and no danger 
of annoyance from flies such as sometimes attends the operation of 
trickling filters. Economically, the activated-sludge procc^ss utilizing 
the diffused-air method of agitation is most piactical where unit costs 
of power arc low. 

DISINFECTION AND CHLORINATION OF LIQUID 

Disinfection, whicli is the partial destruction of the microorganisms 
likely to cause infection and disease, may he accomplished by means of 
heat, chemicals or actinic rays, also called ultraviolet light. As far as 
mumcipal sewage treatment is concerned, chlorine and its comynmnds 
are at the present time the only practical means of securing economical 
and adequate results. The application of these chemicals to sewage or 
water is called chlorination. 

Chlorination of sewage or effluents may be adopted to prevent 
contamination of water supplies and bathing-beach and shellfish waters. 
Ill addition to disinf(action for such objects, sewage may be treated with 
chlorine or bleaching powder for the purpose of the retardation of 
decomposition, the reduction of oxygen demand or the control of odors. 
Although chlorine may be applied iirimarily for one or more of the pur- 
jx)ses mentioned, all are accomplished to some extent. 

Liquid chlorine now is generally employed in large or permanent instal¬ 
lations. Bleaching powder, on the other hand, may be employed where 
sewage is to be chlorinated on a small scale or as a temporary expedient. 

Disinfection by chlorination is accomplished by cell destruction, death 
of the organisms probably being due to a combination of chlorine with 
the cell contents. In the chlorination of sewage, the unstable organic 
matter exerts a marked and rapid chlorine demand, which must be satis¬ 
fied before disinfection may be expected. The time required for 
disinfection is relatively short, but a suitable period must be provided in 
order to secure effective chlorination of sewage. Disinfection of raw 
sewage is somewhat unreliable. The grosser solids are not penetrated 
by chlorine and it is only after these matters are removed from the 
sewage that chlorination can be given a definite efficiency rating. The 
efficiency of chlorination in removing bacteria from settled sewage may 
be 90 to 95 per cent and from oxidized sewage, 98 to 99 per cent. 

The deodorizing effect of chlorine in sewage treatment is due to its 
affinity for hydrogen sulfide, H 2 S, and other substances which are 
oxidized easily and quickly. A chlorine dose is required which is 
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somewhat in excess of the quantity theoretically necessary to combine 
with any hydrogen sulfide which may be in the sewage. 

Reduction in biochemical oxygen demand by the use of chlorine, 
resulting from the oxidation of some unstable sewage matters, may be of 
importance in preventing offensive conditions downstream from treat¬ 
ment works, discharging their effluents into small rivers, which provide 
adequate dilution only after accession of other waters or after emptying 
into larger bodies of water. 

TREATMENT AND DISPOSAL OF SLUDGE 

Volume of Sludge Produced.—The problem of the treatment and 
disposal of the sludge produced by various sewage-treatment processes 
is of considerable magnitude in treatment works of other than small 
communities. Sludge as removed from raw sewage is made up in large 
part of substances which are responsible for the offensive character of 
untreated sewage and these substances, if not effectively handled, treated 
and disposed of, may be the source of much difficulty and may produce 
objectionable conditions. 

The volume of sludge varies with the strength of sewage and the 
efficiency and type of treatment. Roughly, the quantity produced from 
each million gallons of sewage treated may he takep as 3000 gal. by 
plain-sedimentation tanks, 700 gal. by humus tanks following trickling 
filters, 5100 gal. by chemical-precipitation tanks, and 19,400 gal. by the 
activated-sludge process. These sludges contain large proportions of 
water, ranging from 92.5 per cent for humus sludge to 98.5 per cent 
for activated sludge. The approximate weight of solids in the sludge for 
each million gallons of sewage treated may be taken as 500 lb. for trick- 
ling-filter humus, 1200 lb, for sludge produced by plain sedimentation, 
3300 lb. by chemical precipitation and 2200 lb. by the activated-sludge 
process. 

Methods of Sludge Treatment and Disposal.—Sludge is sometimes 
disposed of in the watery, putrescible state in which it is produced.’ 
Common methods of disposal of untreated sludge are: dumping into 
large bodies of diluting water, as at sea, and disposal on land in trenches 
or lagoons. 

Frequently, however, sludge is subjected to some sort of treatment, in 
order that it may be disposed of more easily and with less danger of 
creating offense. Common methods of sludge treatment to facilitate its 
disposal include: reduction of the organic matter by digestion either in 
Imhoff or separate sludge-digestion tanks; dewatering of digested or 
undigested sludge, with or without conditioning of the sludge by 
chemicals, either, by draining and drying on beds of sand or other 
porous material, filtering with or without pressure or vacuum, dewater- 
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ing in a centrifuge, by flotation or spray drying; and further drying 
of the dewatered sludge by heat. 

After dewatering, sludge generally is used for filling waste land or for 
fertilizer, although quite recently the feasibility of sludge incineration 
has been under investigation. Sludge which has been artificially dried 
by heat is utilized as fertilizer or as a fertilizer base. 

Sludgenligestion Process.—By means of biochemical agencies the 
organic matter in sewage sludge may be gasified, liquefied, mineralized 
or converted into more stable organic matter. If the processes of decom¬ 
position are carried on to relative completion, the resultant sludge is 
rendered inoffensive, is considerably reduced in bulk, can be dewatered 
and dried more readily and is more suitable for use as fertilizer, as com¬ 
pared with the untreated sludge. In treatment works, sewage solids 
may be submitted to digestion either while remaining in contact with the 
flowing sewage, as in septic trmks, or after separation from the flowing 
sewage, as in Imhoff and separate sludge-digestion tanks. Normal 
reSuction in the weight of sludge solids by disgestion is from 30 to 40 per 
cent. This is effected, however, entirely by the reduction of organic 
solids which may be reduced by GO to 80 per cent. 

The rate of digestion is greatly influenced by the temperature of the 
sludge. It requires about 50 per cent more time to digest sludge at 
70®F. than at 85®F. and about twice as long a time at 50®F. as at 
70^¥, 

The gas which results from the processes of sludge digestion amounts 
to about 8 cu. ft. per pound of organic solids added to the digestion tanks 
and 0.3 to 1.0 cu. ft. a day per capita served. It has a nominal heating 
value of 500 to 800 B.t.u. per cu. ft. 

Digested sludge as drawn from tanks commonly has a moisture content 
of 90 to 95 per cent. 

Sludge Digestion in Imhoff Tanks.—In Imhoff-tank installations 
sludge is added to the digestion compartments by gravitational deposi¬ 
tion from the sewage flowing through the upper or sedimentation 
compartments. In some plants humus sludge from sedimentation tanks 
following trickling filters or excess activated sludge is introduced directly 
to the digestion compartments of Imhoff tanks for digestion with the 
primary sludge. 

The temperature of sludge in the digestion compartment closely 
follows the temperature of the sewage in the settling compartment. 
In large areas of the United States, low sewage temperatures prevail 
during the late fall, winter and early spring months and the rate of sludge 
digestion is greatly retarded at such times. Provision for sludge storage 
for 5 to 7 months is generally made under these conditions. 

It is not practicable to heat the digestion compartments of Imhoff 
tanks. The gas, however, is collected at some plants and utilized as fuel 
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‘ for the incineration of screenings, for the operation of gas engines or for 
heating various parts of the plant. 

Chief among the difficulties encountered in the operation of Imhoff 
tanks are those rather directly connected with the sludge problem, 
such as foaming, production of odors, choking of slots and sludge pipes, 
failure of sludge to move toward withdrawal pipes, production of sour or 
acid sludge and excessive accumulation of scum. Of these, foaming has 
perhaps caused the greatest difficulty and is the hardest to control. 

Separate Sludge-digestion Tanks. —In plants where plain-sedimenta¬ 
tion tanks are installed, sludge from such tanks may be discliarged into 
separate tanks for digestion. The digestion process in those tanks is 
similar to that which takes place in septic tanks and in the lower 
chambers of Imhoff tanks. 

There are several advantages in the use of separate sludge-digestion 
tanks. By heating such tanks the sludge may be kept at temperatures 
favorable to rapid digestion, thus effecting a material saving in sludge- 
storage capacity over that required in Imhoff tanks where the rate of 
digestion is retarded by cold weather. Heated separate sludge-digestion 
tanks are especially advantageous in conjunction with mechanical 
dewatering, permitting the operation of the plant at a fairly uniform 
rate throughout the year, with the result that the necessity for storage 
capacity is practically eliminated. Separate digestion tanks may be 
placed at the elevation desired and the sludge pumped to them, thus 
avoiding the expense and construction difficulties sometimes incident 
to the great depth of Imhoff tanks, all of which must be below the flow 
line in the sedimentation compartment. Since by the use of separate 
tanks digestion capacity may be provided irrespective of sedimentation 
capacity, such tanks are advantageous where digestion is ^-equired in 
conjunction with existing sedimentation tanks or where existing facilities 
for sludge digestion have been outgrown while sedimentation is still 
adequate. 

In case the tanks are heated, they are commonly roofed, the gases of 
decomposition being collected and utilized for heating the tanks. Both 
fixed and floating roofs are in common use. 

Mechanical equipment for stirring the sludge, for breaking up scum 
layers and for facilitating the withdrawal of sludge is sometimes provided 
in these tanks. 

Sludge-drjdng Beds. —In this country, the most common method of 
dewatering wet sludge, either untreated or as drawn from digestion 
compartments, is by drainage and evaporation on specially prepared 
sand beds. The sludge becomes dry enough for handling and is com¬ 
monly removed when its moisture content is reduced to 50 to 70 per cent. 

The sludge-drying area is usually divided into several units depend¬ 
ing upon the size of the plant and the method of cleaning. The width 
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of the unit when sludge is removed into dump cars running on industrial 
tracks is often 15 to 20 ft. The drying beds are usually constructed of 
graded sand and gravel with a depth of 18 to 24 in. lleds are commonly 
dosed with sludge to a depth of 8 to 12 in. 

The dewatering of sludge on open drying beds is greatly influenced by 
climatic conditions. In the case of Imhoff sludge, which is ordinarily 
digested to a satisfactory degree for drying only during the warmer 
months of the year, tlie necessity of protecting the beds from the influ- 
en(!c of climatic conditions may not be urgent. In the case of heated 
separate sludge-digestion tanks, however, in which digested sludge is 
being produced uniformly throughout the year, the provision of housed 
drying beds may be desirabh*. 

Covers for sludge-drying beds ere usually constructed of glass, like a 
greenhouse. Some degree of protection against the spread of odors is 
claimed for covered sludge bed i. 

, Dewatering Sludge by Pressure or Vacutun Filters. —Prior to dewater¬ 
ing by filters, sludge usually conditiomKl, so as b) cause the smaller 
l)articles to unite and ^orm aggregates, or large particles, which will be 
retained upon the surface of the filtering medium and allow the water to 
pass through. The following methods, either individually or in com¬ 
bination, are generally used for conditioning sludge: changing the H ion 
concentration of the sludge; adding chemical coagulants to the sludge; 
heating the chemically conditioned sludge; and adding absorbents, such 
as diatomaceous earth, to the sludge. 

There are three types of filters in which conditioned sludge may be 
dewatered: chamber or leaf-filter presses, in which the sludge is put under 
pressure, the water being forced through cloth, such as heavy oniiy 
duck, on which the sludge solids arc retained, forming a cake; bag 
presses, in which bags filled with the liquid sludge are squeezed between 
drainage sheets by large platens; and vacuum filters, in which the water is 
drawn through cloth by suction and the solids retained form a thin cake. 

Of these, the vacuum filter is most commonly used. The filter cloth 
is mounted on a drum which revolves partially submerged in the liquid 
sludge. A layer of sludge is picked up on the cloth by suction as the 
drum revolves. The suction is increased to extract the water, the 
filtrate passing through vacuum pipes to a receiver. The dewatered 
cake is loosened from the cloth by substituting air pressure for suction 
within the drum and the cake is then deflected by scrai)ers on to con¬ 
veyors which carry it away. In this manner the water in sludge may 
be nnluced from an initial content of 95 to 99 per cent to 75 to 85 per 
cent. 

Other Mechanical Methods of Dewatering Sludge. —Other methods 
of dewatering sludge include dewatering in a centrifuge, flotation and 
spray drying. 
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In this country the centrifugal separation of sludge liquor and solids 
has been tried only on an experimental basis, although several plants in 
Germany have had centrifuges in operation for a number of years. 
Experiments with this method of dewatering have been carried on at 
Baltimore, Md., Chicago, Ill., CoUingswood, N. J., and Milwaukee, 
Wis., among other places. 

Another method of dewatering which has been studied is flotation, in 
which the sludge solids are coagulated and brought to the surface for 
ready separation from the sludge liquor. Flotation is accomplished by 
the use of either heat or chemicals or both. Recently a flotation process 
has been used at Plainfield, N. J., to treat and concentrate digested 
sludge preliminary to spray drying. 

In the latter process, sludge is fed into a centrifugal spray machine in a 
heated chamber and is atomized in a horizontal plane near the top of 
the chamber. The dried product falls to the floor and is removed by a 
revolving rake. The exit gases, laden with moisture and a certain 
amount of dust, are carried out of the drying chamber into a cyclone 
dust collector. The Plainfield installation is arranged so that the dried 
sludge may be delivered either to the dust collector or to a furnace, where 
it burns as pulverized fuel. 

Heat Drying of Sludge.—When sludge is to be prepared for sale as 
, fertilizer or fertilizer base, it must generally be dried to less than 10 per 
cent moisture content. Rotary heat dryers, such as are used in many 
industrial operations, are generally employed to drive off the excess 
moisture from sludge that has been subjected to primary dewatering. 
The hot, moisture-laden gases from the dryers may carry offensive odors 
over long distances. Treatment of these gases may be necessary in 
order to eliminate odors, methods which have been used for ^his purpose 
being washing, condensing and chlorination. 

. Incineration of Sludge.—In an attempt to utilize the calorific 
power of sludge in its disposal, the burning of sludge was tried at a few 
places in the United States in the early days of sewage disposal, notably 
at Worcester, Mass., and at Coney Island, N. Y. On account of the 
expense involved in the construction and operation of incinerators, 
however, as well as the danger of disseminating offensive odors unless 
incineration is carried on at uniformly high temperatures, this method 
of sludge disposal has not been employed to any great extent. 

Because of the expense of sludge-storage tanks or glass-covered beds 
for dr 3 dng sludge, studies have been made during the past few years 
to determine whether partially or wholly digested sludge can be dewa¬ 
tered mechanically by vacuum filters and destroyed in incinerators, 
thus eliminating both storage tanks and sand beds. A large test plant, 
with a capacity of 20 to 30 tons a day, was put in operation at Chicago 
to carry on such investigations" At the end of 1933 this incinerator 
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plant was replaced with one of a different type, which has been in more 
or less continuous operation for a number of months in 1934 and 1935. 
Incineration has been adopted in the plan for sludge disposal at the 
Calumet sewage-treatment works now under construction in the Sani¬ 
tary District of Chicago. 

Disposal of Sludge in Water.—The disposal of sludge by carrying it 
out to sea and dumping it in deep water is practiced at Providence and 
by the sewerage district of the Passaic Valley, N. J. Treatment of the 
sludge prior to disposal is not essential, except for the purpose of reducing 
the volume to be handled. Tlie sludge is discharged into scows, which 
are towed to the disposal area and dumped. 

At Cleveland, Imhoff sludge is pumped into Lake Erie and several 
American communities discharge sludge into inland streams when they 
are in flood. 

Disposal of Sludge on Land —D^atered sludge, digested or undi¬ 
gested, is most commonly disposed of in sludge dumps on low lands or 
waste areas. It is used to some extent as a low-grade fertilizer. 

Wet sludge may be disposed of by discharging it into 1 goons, running 
it into trenches which are covered after being filled or flowing it on land 
in thill layers. A lagoon is a basin formed by a natural depression, 
often a sand pit, clay pit, or quarry, or by surrounding a tract of land 
with a dike of earth. The sludge is left to dry by evaporation and such 
losses of water tlirough the soil as may naturally take place. Partial 
digestion and drying of the sludge occur over a long period of time, 
frequently accompanied by offensive odors when undigested sludge is 
disposed of in this way. 

COMMON COMBINATIONS OF SEWAGE-TREATMENT PROCESSES 

Governing Factors.—A number of different conditions govern the 
choice of sewage-treatment methods for any given municipality, sewer¬ 
age district or sanitary district. Among them may be listed the follow¬ 
ing: the character and volume variations of the sewage to be treated, 
taking into account the concentration, composition and condition of the 
sewage when it reaches the treatment and outfall works; the required 
degree of purification with respect to the ultimate disposal of the sewage 
l)y dilution or irrigation and the satisfactory disposal of the sewage 
sludge; the practicability of obtaining sites for the treatment works and 
the conditions imposed by different sites, both as regards treatment 
methods and ultimate disposal of sewage and sludge; and the relative 
cost and efficiency of different treatment and disposal methods. 

The important bearing of these conditions upon sewage treatment has 
been touched upon in preceding chapters. It is well to point out at this 
time some of the intimate relations which exist between the treatment 
works and the remaining parts of the sewerage system. 
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In a measure, for example, the arrangement of the collecting system 
dictates the choice of the treatment methods and vice versa, because the 
treatment processes must be adapted to the requirements of the disposal 
site and to the facilities for ultimate disposal of sewage and sludge. 
The nature of the collecting system, furthermore, affects the composi¬ 
tion, concentration and condition of the sewage delivered to the treat¬ 
ment works. Treatment methods may vary somewhat for combined 
sewage and separate sewage, and for fresh and stale sewage. Different 
disposal sites may call for different plans of sewerage and sewage 
treatment. 

In a large city two or more treatment plants may be cheaper and better 
than a single one. Where land is expensive, certain processes may 
become economical which would not be financially practicable where 
land is cheap. One of the reasons for this is illustrated in the following 
schedule prepared by the authors ^n a study of three different types of 
treatment works for a city of 600,000 persons. 



Area and volume of 
treatment plant 


A(‘.r(*s 

Million 
eu. ft. 

1. Sediineiitation tanks, sludge beds and intennit- 



tent sand filters. 

800 

140 

2. Inihoff tanks, sludge l)eds and trickling filters. . . 

60 

17 

3. Activated-shulge process, mechanical dewatering 
and drying of sludge. 

10 . 

5 


In preparing estimates of cost, the provision of land for extensions to 
meet future requirements must receive attention. This is particularly 
important where the treatment plant includes intermittent filters or 
structures requiring a large area in proportion to their capacity or 
where it is probable that the degree of purification effected by the plant 
must be increased with the lapse of time. Overworking treatment 
plants which it is impracticable to enlarge usually results in offensive 
conditions and generally plans for sewage treatment should be adopted. 
which allow for a suitable increase of capacity during the period for which 
the general plan provides. This period may be from 25 to 40 years, 
depending on local conditions. This may not always be feasible, how¬ 
ever. For example, it may be reasonably certain that clarification of 
sewage by sedimentation, with disinfection of the effluent, will be 
a satisfactory treatment for 25^ years and enough land may be available 
near the city for a plant adequate for the requirements during that 
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j)eriod, but no longer. Such a plant may prove more economical than 
the construction of a trunk sewer to a site much farther away but large 
enough for the ultimate plant of several times the largest possible capac¬ 
ity of that nearer the city. It is true that the plant close at hand 
may be serviceable for only a comparatively short period, but its total 
cost during that period, including amortization of such portions as have 
to be abandoned, may be less than the total cost during the same period 
of the works required for the more distant site. It is hardly possible 
to estimate closely the future requirements of a city for more than 25 
to 40 years and in such a j>eriod of time sewage-treatment methods 
may progress in many ways. Hence it is generally unwise to plan 
works “for all time.’’ 

Common Combinations of Processes.—Of the various processes of 
sewage treatment, the following may be considered as common major 
methods, which may or may rot involve other piocesses of sewage and 
sludge treatment and disposal: 

1. Fine screening 

2. Sediinentation 

3. Interiniltent sand filtration 

4. Trickling-flit or treatment 

6. Activated-sludge process 

With the many types of treatment processes available and the 
variety of conditions and requirements to be met, it is only natural that 
the works of different communities should vary appreciably in the com¬ 
bination of treatment processes employed. The following pages contain 
a few examples of typical American sewage-treatment plants. 

Fine-screening Plants.—Of the treatment plants in which fine screen¬ 
ing is the major process provided, those at Long Beach, Cal., and at 
Bridgeport, Conn., may be taken as examples. Both plants provide fine 
screening of the sewage prior to discharge through an ocean outlet. At 
Long Beach the screenings are incinerated and the resulting ash is 
buried. At Bridgeport the screenings are buried without other 
treatment. 

Sedimentation Plants—The treatment works at Syracuse, N. Y., 
Newark, N. J., Dayton, Ohio, and Erie, Pa., may be taken as examples 
of the sedimentation process with different types of plants. 

At Syracuse the sewage passes through grit chambers and through 
both coarse and fine racks to plain-sedimentation tanks. The settled 
sewage is discharged into Onondaga Lake for disposal by dilution. The 
sedimentation tanks are mechanically equipped to facilitate sludge 
removal and the sludge is disposed of by pumping into the waste lagoons 
of the Solvay Process Company. A plan and longitudinal profile of 
the Syracuse plant are shown in Fig. 7. 
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Fig. 7.—Sedimentation plant at SjTacuse, 
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The sedimentation plant of the Passaic Valley Sewerage Commission, 
located at Newark, N. J., comprises simply plain-sedimentation tanks 
with hopper bottoms from which the sludge is discharged into sludge 



barges. The latter are towed out to the disposal area at sea, where the 
sludge is dumped. The settled sewage flows to a diffusion area in 
New York Bay, 
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The sedimetitation plant at Dayton comprises racks, skimming- 
detritus tanks, Imhoff tanks and glass-housed sludge-drying beds. The 
concentrated liquor drawn from the bottom of the detritus tanks is 
passed through gr\t chambers and fine screens, the screened liquor 
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Fig. 9.- —Intermittent .sunci-filter plant at Framingham, Mass. 



returning to the sewage and passing to the Imhoff tanks. The effluent 
of the Imhoff tanks is discharged into the Miami River for disposal by 
dilution. The digested sludge drawn from the Imhoff tanks is dewatered 
on glass-housed dr 3 ring beds. PaVt of it is disposed of as fertilizer on 
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Fig. 11.—Trickling-filter plant at Akron, Ohio, (a) Plan; (/>) diagrammatic longitudinal section. 
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farms and golf courses and the remainder is used for hlling low areas. A 
plan and diagrammatic profile of the plant are shown in Fig. 8. 

At Erie, Pa., the sewage passes through bar racks, grit chambers and 
plain-sedimentation tanks. The settled sewage is discharged into Lake 
Erie for disposal by dilution. The racks and grit chambers are provided 
with mechanical equipment for cleaning. The Takings are burned in an 
incinerator and the grit is disposed of by burial. Mechanical equipment 
also is installed in the sedimentation tanks to facilitate sludge removal. 
The sludge is digested in separate,tanks, which are roofed and equipped 
with sludge-stirring and scum-breaking devices. The sludge gas is 
collected and used for incinerating the screenings and heating the diges- 



Fio. 12.—Activated-sludge plant at Milwaukee, Wis. {Chicago Aerial Survey 

Co.) 


tion tanks. The digested sludge is dewatered on open drying beds. 
The dewatered sludge during 1932 was disposed of to farmers for 
fertilizer. 

Intermittent Sand-filter Plants.—In 1929 there were 19 municipal 
intermittent sand-filter plants in Massachusetts, with an aggregate 
area of about 244 acres of sand-filter beds. At Marlborough, the sewage 
is passed through plain-sedimentation tanks prior to filtration. At 
Framingham, part of the sewage is passed through Imhoff tanks prior 
to filtration on 29 acres of sand filters. A plan of the sand-filter plant 
at Framingham is shown in Fig. 9. The digested sludge from the Imhoff 
tanks at this plant is dewatered on underdrained sand beds. 

Trickling-filter Plants.—^A plan of the trickling-filter plant at Fitch¬ 
burg, Mass., is shown in Fig. 10. The plant comprises coarse racks, 
grit chambers, Imhoff tanks, dosing tanks, trickling filters, final-sedi¬ 
mentation or humus tanks of thf Dortmund type and sludge-drying 
beds. 
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A plan and diagrammatic longitudinal section of the trickling-filter 
plant at Akron, Ohio, are shown in Fig. 11. In general, the works con¬ 
sist of coarse bar racks, skimming-detritus tanks from which the under¬ 
flow passes through grit chambers and fine screens, Imho^ tanks, 
trickling filters, humus tanks of the plain-sedimentation type, and 
sludge-drying beds. 

Activated-sludge Plants. —The plants at Milwaukee, Wis., and 
North Toronto, Ont., and the proposed Wards Island plant in New York 
City may be taken as representative of present activated-sludge plants. 

At Milwaukee the sewage is passed through coarse racks, grit cham¬ 
bers and fine screens and then treated by the activated-sludge process 
in aeration tanks of the ridgc;-and furrow type, with sedimentation in 
final tanks some of which are equipped in part with Dorr sludge plows 
and in part with Tow-Bro sludge-removal mechanisms. The effluent is 
discharged into Milwaukee harbor for final disj)osal by dilution. The 
excqps activated sludge is conditioned, dewatered in Oliver vacuum 
filters, dried in direct-indirect heat dryers of the Atlas type and sold as a 
fertilizer or fertilizer base. A view of the plant is shown in Fig. 12. 

At the North Toronto plant the sewage passes first tlirough racks, 
grit chambers and preliminary-sedimentation tanks. The settled 
sewage is treated by the activated-sludge process in aeration tanks of 
the spiral-flow type, with sedimentation in final tanks equipped with 
Fidler-type spiral blades to assist in sludge removal. The effluent 
flows into the Don River for final disposal by dilution. The primary 
and excess activated sludges are heated and digested in separate sludge- 
digestion tanks, some of which are equipped with mechanical stirrers. 
The digested sludge is dewatered on glass-housed drying beds and used 
to fill low areas within the plant site. Storm flows in excess of the 
quantity provided for in the treatment plant are passed through storm¬ 
water tanks for sedimentation prior to discharge into the river. A plan 
and diagrammatic profile of the plant are shown in Fig. 13. 

The plant under construction at Wards Island, New York City, will 
provide for primary sedimentation, activated-sludge treatment in aera¬ 
tion tanks of the spiral-flow type and final sedimentation in tanks 
equipped for continuous sludge removal facilitated by mechanical 
means. The effluent will be discharged into the East River for final 
disposal by dilution. The primary and excess activated sludges will 
be pumped to sludge-storage tanks, from which they will be discharged 
by gravity to ocean-going sludge boats and disposed of at sea. A plan 
of the proposed plant is shown in Fig. 14. 
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CHAPTER VII 


POLLUTION AND SELF-PURIFICATION OF NATURAL 
WATERS 

Appreciation of the many problems involved in the disposal of sewage 
by dilution requires thorough familiarity with the theory of pollution 
and self-purification of natural waters. For sewage disposal by dilution 
is not, as its name seems to imply, merely a means for getting rid of 
sewage matters by diluting them with or dispersing them in large 
volumes of water so that their origin can no longer be recognized. That 
is only one aspect of the process, whose chief merits are associated with 
the fact that in sewage-polluted waters there are operative the same or 
similar forces of purification which are employed artificially and more 
intensely in sewage-treatment plants. It might be better to speak of 
sewage disposal by dilution as treatment by natural purification in 
water.^^ To this end self-purification may be defined as the “natural 
process or combination of natural agencies that tend to render stable 
and innocuous foreign substances that find their way into water and so 
to restore the water to its natural condition of purity’^ (1). 

Progressive Changes in Sewage-polluted Streams.—When sewage 
is discharged into water, a progression of changes is set in motion which 
is manifested by changing physical, chemical and biological character¬ 
istics of the water. Such changes take place in standing as^ well as in 
running water. They have been studied more particularly in connection 
with sewage-polluted streams, because it is in such waters that the 
effects of pollution and subsequent self-purification are most conspicuous 
and, therefore, defined most clearly. For this reason discussion of this 
subject will be hinged upon the events that take place in a clean stream 
into which a large volume of sewage is discharged at a single point. 

Degradation .—The sewage, to begin with, renders the water turbid. 
Sunlight is shut out and green plants, thus deprived of their energy for 
growth, soon die. The fresh organic matter is relished by some varieties 
of fish which, therefore, gather in the vicinity of the outfall. Decomposi¬ 
tion of the organic matter, as the result of bacterial activity, soon begins 
and quickly reduces the available oxygen in the stream, making condi¬ 
tions unsuitable for all forms of life except the most primitive organisms, 
which subsist on deca3dng matter. These saprophytes—^bacteria, fungi 
and protozoa—develop in tremendous numbers, until one drop of the 
polluted water literally teems wit& microscopic life. The reduction in 
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available oxygen is accompanied by an increase in the carbon dioxide 
content of the stream. Reaeration takes place but is not able to keep 
pace with deoxygenation. In all but rapidly flowing streams some of 
the suspended sewage matter settles to the bottom and forms sludge 
deposits or a pollutional carpet in which small reddish worms, LimnodriliLs 
and TubifeXy together with other organisms, make their appearance. 
These ''work over^’ the sewage sludge and are potent factors in its 
stabilization. The so-called sewage fungi, among them Sphaerotilus 
natanSy also make their appearance near the outfall and are found in 
white bulbous masses on the bottom and attached to stones and sticks. 
During periods of high flow, the sludge deposits are often washed away 
and the stream is thus relieved of much of its sludge load. 

It is evident that the stretch of river immediately below the sewer 
outfall is one in which life is reduced from a more highly organized to a 
more primitive plane and the phj sical and chemical quality of the water 
is abased. Hence this first zone of pollution is referred to as the zone of 
degradation. Using the dissolved-oxygen content of the stream as a 
criterion of its pollution, the zone of degradation occupies that river 
stretch immediately below the outfall in which the oxygen saturation is 
reduced to about 40 per cent. 

Active Decomposition .—The zone of degradation is followed by a 
stretch of river in which the j^rocesses of decomposition which gradually 
establish themselves in the hrst zone become extremely active. For this 
reason it is called the zojie of active decomposition. In this zone the water 
remains grayish in color. Decomposition of the complex organic 
materials is characterized by reducing and splitting processes. Soluble, 
volatile and gaseous compounds are formed. As long as the water 
contains dissolved oxygen, seriously offensive odors are not likely to be 
prevalent. In grossly polluted streams, however, the dissolved-oxygen 
content may be completely exhausted, in spite of the fact that the rate 
of re-aeration increases as the oxygen content is reduced. Anaerobic 
or septic conditions will then prevail. During the summer months, 
foul odors are apt to arise, gas bubbles are evolved and the sticky, 
blackened sludge deposits may be lifted by the gases of decomposition 
into the water, turning the stream into a black putrefying watercourse. 
As the available organic material is consumed, the bacteria and protozoa 
which have held sway die off and decomposition slackens. A point is 
reached when re-aeration first balances and then outweighs the imme¬ 
diate biochemical demand for oxygen and a new store of dissolved 
oxygen is acquired gradually. More highly organized life reestablishes 
itself. The trend of self-purification becomes positive rather than 
negative as heretofore. The dissolved-oxygen saturation first sags 
below 40 per cent, sometimes to zero, and then gradually climbs back 
to above 40 per cent. 
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Recovery. —There follows the zone of active decomposition a third 
zone in which the stream gradually recovers its former appearance and 
normal condition. The water becomes clearer; algae and larger aquatic 
vegetation reappear. The dissolved-oxygen content is slowly increased 
to MU saturation by re-aeration and usually to a less extent by the 
photosynthetic activities of green plants. Small animal forms of more 
highly organized life reestablish themselves and some of these serve as 
food for fish. Judged by chemical standards this zone of recovery is one 
of mineralization. Nitrogen end products are carried to nitrites and 
finally to nitrates, sulfur to sulfates and carbon to carbon dioxide or 
carbonates. 

Cleaner Water. —Below these three zones of vigorous self-purification 
is found the zone of cleaner water^ in which natural and desirable stream 
conditions are established once more. The water becomes attractive in 
appearance but may still harbor pathogenic organisms. Long periods 
of flow are often required to destroy these. 

The zones of pollution and natural purification neither occupy a 
fixed position in streams nor are they sharply bounded. They shift with 
changes in temperature and variations in river flow and sewage discharge. 
During the summer, when life and with it decomposition are most 
active, the zones are more pronounced. Depending upon the load of 
sewage that the stream receives, the zones occupy longer or shorter 
river stretches. In slightly polluted streams, the zone of active decom¬ 
position may be suppressed; with heavy pollution septic conditions may 
prevail for many miles. The progress of self-purification may be inter¬ 
rupted or accelerated by the discharge of new wastes on the one hand or 
by dilution due to the entrance of cleaner water on the other. In lakes 
and tidal estuaries pollution and self-purification are influenced by 
winds and by tides or other water movements. Bottom deposits, being 
less subject to the changes which may occur in the water itself, are more 
representative of average conditions and are therefore an especially 
useful guide in pollution studies. 

Processes of Self-purification Classified.—If the individual factors 
associated with the self-purification of polluted waters are separated, 
they are found to be physical, chemical and biological in nature. Like 
all processes involved in the purification of sewage, they are interrelated 
closely and mutually dependent, the resultant of their operations being a 
gradual return of polluted water to cleanly condition. The most impor¬ 
tant processes of self-purification are outlined below, together with a 
brief explanation of their operation. 

Physical Processes: 

1. Dispersion.—Mixing of sewage with water results in the dispersion of 
the sewage matters, animate and ina«umate. A dilution, for example, of 
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raw sewage in 5 c.f.s. of water per 1000 population signifies that the daily 
waste matters of one person are dispersed in about 3300 gal. of water instead 
of in 100 gal. as in sewage. Improvement in appearance and odor and in 
concentration of possible pathogenic organisms is the natural r.isult. 

2. Sedimentation.—Heavy suspended particles s(»ttle out in standing 
water, slowly running water or in the backwaters of rapidly flowing streams. 
Light suspended particles and colloidal matters settle as aggregated or 
coagulated masses. Whihi tiiis removes these matters from the water, it 
transfers them to the bottom where they must be cared for. The 
formation of sludge deposits is often objectionable and intensifies the 
problems of pollution in certain localities, such as ferry slips, docks or ofthcr 
reaches of quiescent water. This results in a type of decomposition which 
differs from that taking place in the water itself. 

3. Light.—Sunlight is a disinfectant, destroying many objectionable 
bacteria. It is also a stimulant to the grow^th of green plants, large and 
small. These, by photosynthesis, give off oxygen and remove carbon 
dioxide. Sunlight also bleaches color. 

45 Aeration.—As water conu^s into contact with the atmosphere, an inter¬ 
change of gas(»s tak(*s pLic(^ whenever the (‘oncentration of the gase^s in the 
licpiid and gasiious ph.MSCs are nol in equilibrium. T1 's is particularly 
important in connection with the oxygen requirements of polluted water. 
As the oxygen dissolvc'd in the water is used up by the decomposition of the 
organic-sewage load, new volumes of oxygen are added by absorption from 
the atmosphere. This is called re-oxygenation or, more generally, re-aera¬ 
tion. Carbon dioxide and other gases of decomposition escape to the 
atmosphere. 

Chemical Processes : 

1. Oxidation.—Aerobic; organisms convert complex chemical substances 
into mineral matt(*r, gases or relatively stable organic matter. Certain 
dissolved mineral constituents, such as iron and manganese, are oxidized 
and precjpitated as insoluble compounds. 

2. Reduction and Hydrolysis.—Anaerobic organisms li(iuefy and split 
the complex organic constituents of stowage and thus pave the way for 
stabilization by oxidation. In the complete abs('nce of oxygen, offensive 
odors and gases are produced, which escape to the air. Certain mineral 
substances are taken into solution. True anaembic decomposition may 
take place in the bottom sludge or ooze even when the siqx^rnatant water 
contains dissolved oxygen, because diffusion of oxygen is not sufficiently 
rapid to supply the deficiencies created in the bottom deposits. 

3. Coagulation..Mixing of certain waste's, especially industrial wastes, 

with sewage or other wastes sometimes results in chemical coagulation with 
consequent precipitation of dissolvcal, colloidal and suspemded matters. 

4. Disinfection.—Certain poisonous substancc\s, such as copper and 
^arsftnic, derived from industrial wastes, destroy bacteria and other living 
organisms. As a result tlu*y interfere with tlu; biologically activated purifi¬ 
cation processes, until they arc reduced in concentration to the limits of 
tolerance of tlie living cells. 
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Biological Processes: 

1. Bacteria.—The food habits of these and other living reagents result 
in the decomposition and stabilization of the sewage matters by biochemical 
means. As the food substances are used up or the environment is unfitted 
for continued existence by tlie accumulation of the waste products of their 
activity, each group of organisms dies off and makes way for other groups 
which in turn flourish and succumb. 

2. Plankton.—Plant forms—algae and fungi—utilize simple chemical 
substances resulting from bacterial activity. Green plants, by photo¬ 
synthesis, give off oxygen while taking in carbon dioxide. Animal forms— 
protozoa, rotifera and Crustacea—are scavengers and, as such, destroy 
organic substances much as the bacteria do. Some forms are predatory; 
protozoa ingest bacteria and are themselves consumed by Crustacea. Rotif¬ 
era feed on algae. 

3. Larger Aquatic Life.—Rooted plants utilize food substances contained 
in'bottom deposits. Worms ^Vork over” sewage sludge. Insect larvae 
and other forms live on food substances in the water or l^ottom ooze. Fish 
may be scavengers or may live on plankton and insect larvae. 

OXYGEN RELATIONS 

The Oxygen Balance.—The importance of the oxygen conditions 
existing in polluted waters, reflecting as well as deciding the nature of the 
progress of decomposition of sewage which is disposed of into water, 
must be evident from the foregoing discussion. The relation between 
the biochemical-oxygen demand of the sewage and the oxygen available 
in the diluting water is called the oxygen balance. Since offensive 
odors ordinarily will not be given off as long as there is sufficient oxygen 
present to meet the demand, the oxygen balance is probably the best 
measure of the quantity of sewage which a given watercourse can 
handle without the creation of offensive conditions. 

The following factors determine the oxygen balance: 

1. The biochemical-oxygen demand of the sewage as discharged, which 
aD times must be considered to be composed of (a) the demand of the liquid; 
(6) the demand of the suspended solids; and (c) the demand of the deposited 

sludge. 

2. The biochemical-oxygen demand of tlie diluting waters. This is 
sometimes quite appreciable, owing to prior pollution by sewage or V)y 
industrial wastes. 

3. The dissolved-oxygen content of the sewage at the time of discharge. 

4. The dissolved-oxygen content of the diluting water. 

6. The oxygen absorbed by re-acratioii from the atmosphere. 

6. The oxygen given off by green plants. 

7 . The oxygen readily available from mineral matter such as nitrites and 

nitrates. ' 

Determinations of the biochemical-oxygen demand and the oxygen 
e»vf^il^ble in sewage and water, together with the formulation of the 
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deoxygenation curve, have been described in previous chapters. Re-aera¬ 
tion, however, has been touched upon only lightly. Two types of 
re-aeration may be distinguished, atmospheric and photosynthetic, or 
biological. Of these the former has been formulated mathematically 
and is of more general applicability; the latter depends so much on local 
conditions that formulation and prediction of its effects are not made 
readily. 

Atmospheric Re-aeration. —The quantity of oxygen absorbed by 
water from the air in a unit of time is dependent upon the following 
factors: the degree of undersaturation of the water; the area of water 
surface exposed per unit volume; the agitation of the water surface by 
wind, currents and other disturbances such as those due to rapids, dams 
and ships^ propellers; and the dowiiward diffusion of the oxygen. 

Re-aeration, therefore, varies greatly in different bodies of water. In 
a turbulent stream the rate of t e-aeration is high, because new surfaces 
of viater are being brought constantly into contact with the atmosphere. 
In a calm, deep lake the rate is relatively low, because in the absence of 
agitation the lower layers of water are dependent for re-eeration upon th(* 
diffusion of oxygen from the upper ones. This is a slow process. 

The laws governing atmospheric re-aeration have been studied most 
thoroughly by the workers of the United States Public Health Service in 
investigations of the Ohio and Illinois Rivers (2, 3). The findings are 
summarized below. In order to appreciate the limitations of experience, 
however, reference should be made to the original publications. 

Since chemists have shown that the rate of solution of a moderately 
soluble gas by an undersaturated liquid varies directly with the degree of 
undersaturation of the liquid and is constant for a given liquid and 
gas (4), the law of oxygen absorption was formulated as follows, in tlu* 
Ohio River studies: 

Let D = initial oxygen-saturation deficit, or difference between full 
saturation value and observed value, p.p.m. 

Dt = oxygen deficit at any time t, p.p.m. 

K 2 = atmospheric-re-aeration constant. 

Then 


Whence 

log^ = -A'st 

Experiments by Dibdin, Adeney and Becker afford experimental 
confirmation of this law. It should be noted that this expression is 
analogous to that defining the rate of deoxygenation or B.O.D. of 
sewage in water. K 2 cannot be determined in the laboratory as was 



164 


AMERICAN SEWERAGE PRACTICE 


Kiy however, but varies with the body of water under consideration. 
Thus it includes the factors of relative water surface and degree of 
agitation which were previously listed. In the Ohio River studies K 2 
was found to be modified by stream depth and by various physical con¬ 
ditions which influence the turbulence of flow, among them the velocity 
of the current and the slope and irregularity of the channel. In the Ohio 
River these relations could be expressed l)y the equation: 

7vo= cr «//-2 

where V = velocity of flow, feet per second 

H = mean river depth, feet above extreme low water 
and C and n are constants for a particular river stretcli. 

The river constant C is defined chiefly by physical characteristics 
producing different degrees of turbulence in various river stretches under 
similar flow conditions, the slopes and irregularity of the channel 
apparently being the most prominent of such characteristics. In the 
Ohio River studies the slope, »S, in feet per mile at extreme low river 
stage, was considered the most reliable index of the slope of the channel 
bottom, and irregularity was expressed in terms of an ‘^irregularity 
factor’’ established by noting the number of changes in slope per mile, 
each one of which produced a change of elevation of 1 ft. in the longi¬ 
tudinal profile of the channel bottom. River stretches with irregularity 
factors of 2 to 3 were classified as relatively smooth, whereas those having 
factors between 3 and o were classified as relatively rough. The follow¬ 
ing empirical relations between the river constant C and the slope S were 
established for the two classes of channel roughness, from studies of 
different river stretches. 

Channel relatively smooth, irregularity factor 2 to 3: 

c= 

Channel relatively rough, irregularity factor 3 to 5: 

( 7 - 0.39 X -f 17 

Broadly the river constant n defines the range of variation in rates of 
re-aeration in a given river stretch under different flow conditions. In 
the Ohio River studies it was found that the effect of a given variation 
in river stage upon the velocity of flow, modifying turbulence, in a given 
river stretch is closely related to the value of n. This relationship was 
expressed empirically by 


in which y is the mean relative mcrease in velocity of flow per 5-ft. 
increase in gage height. 
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The rate of re-aers^tioii as expressed by X 2 is further modified by the 
water temperature, the controlling element apparently being the fact 
that the rate of absorption of oxygen at the surface is limited by the 
process of diffusion which, as shown by Jilack and Phelps (5), is governed 
by a similar temperature relation. Experiments by Becker, Haslam, 
Hershey and Keen (4) have permitted the derivation of the following 
temperature-correction equation: 

KiiT) = X (l.()159'^-'20) 

in which T is the observed temperature, degrees centigrade. 

The magnitude of the re-aeration constant has been computed 
by the Public Health Service for certain stretches of the Ohio and 
Illinois Rivers from measurements of the “oxygen sag,” the values being 
listed in Table 35. 

Table 35.— Measured Values of the Re-aeration Coefficient, X 2 , 
^iN Three Stretches of the Ohio River and Two Stretches 
OF THE Illinois River 


Month 

i 

1 _ 

Values 

of re-aeration 

coeffic’ent, A'j 

i 

Oliio River 

Illinois River 

MiloH below Pittsburgh 

Miles above mouth 

11-19 

23-05 
(Beaver 
River to 
Steubenville, 
Ohio) 

103-349 ^ 

(Mounds- 
ville, W. Va., 
to Scioto 
River) 

263-240 
(Morris to 
Ottawa, Ill.) 

148-122 
(Pekin to 
Havana, Ill.) 

May. 

0.25 

0.20 

0.18 

0.31 

0.47 

June. 

0.19 

0.33 

0.27 

0.31 

0.28 

July. 

0.29 

0.23 

0.21 

0.21 

0.20 

Aug. 

0.22 

0.26 

0:21 

0. 19 

0.27 

Sept. 

0.14 

0.19 

0.17 

0.31 

0.14 

Mean. 

0.22 

0.24 

0.21 

0.27 

0.27 


The average value of A 2 for these river stretches is 0.24 and has been 
tentatively set at 0.20 for temperatures of 20°C. and similar river 
characteristics. In the shallow rapids of the Des Plaines River below 
Joliet, III., where the channel is steep and rough, however, the average 
value of Ki was computed to be 2.00. Further observations such as 
these are much needed for streams as well as for lakes and tidal estuaries, 
before it will be possible to predict with reasonable certainty the rate of 
r(*-aeration of different bodies of water. 

In standing water the value of Ao at any temperature varies inversely 
with some power of the depth and directly with the amount of mixing 
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that takes place owing chiefly to winds, currents and convection cur¬ 
rents, and mechanical disturbance of the surface by water craft. A 
study of experiments by Adency (6) yields a value of 0.115 for at 
20®C. for each foot depth of water and = iC 2 ( 2 o«c.) X (1.020®’"'*°). 
This value of is only slightly more than one half the average mag¬ 
nitude of the re-aeration (joiistant for the normal stretches of the Ohio 
and Illinois rivers. 

The Oxygen Sag.—Deoxygeiiation and re-aeration combine to produce 
in streams dissolvcd-oxygen values which, when plotted as ordinates 
with time of flow below the point of sewage discharge as abscissas, yield 
a curve characteristic of self-purifi cation and known as the dissolved- 
oxygen sclq. The equation of this curve is given by combining the 



Fig. 15.—The dissolved-oxygeii sag. 

equations of deoxygenation and atmospheric re-aeration, obtaining the 
following formula:^ 

u, = + D X lo-'f" 

where Dt == oxygen-saturation deficit of the water in p.p.m. at any 
time t 

D = initial oxygen-saturation deficit at point of pollution, p.p.m. 
L = initial biochemical-oxygen demand of the diluted sewage, 
p.p.m. 

Ki == the deoxygenation constant 
A'j = the re-aeration constant. 

The general outline of the oxygen sag is shown in Fig. 15, together 
with the oxygen conditions which would obtain in the absence of 
re-aeration. The latter may occur in highly polluted streams when 
they are covered by a continuous sheet of ice. 

1 For derivation of this formula see Appendix A, Pah, Health JiuU. 146, U. S. Pub. Health 
Service. 
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In computing the probable dissolved-oxygeii sag of a stream into 
which sewage is discharged, the following factors must be known or 
estimated: 

A. For the sewage, assuming that it is fresh: 

1. Quantity (Q.) 

2. Temperature (Ta) 

3. Dissolved-oxygen content (Oa) 

4. B.O.D. during first stage, comintinly eon'putcMi from 5-day value 

iL.) 

5. Deoxygenation constant, commonlv computed from 20'^C. value 

(NO 

B. For the water, assuming that its own B.O.D. falls within the first stage: 

1. Quantity (Qy,) 

2. Temperature (Tu>) 

3. Dissolved-oxygen content (O^' 

4. B.O.D. during first stage, commonly computed from 5-day value (Lt,.) 
Ue-aeration constant, commonly computed from 20°C. value (KO 



Fig. 16.—Effect of temperature variations on the progressive changes in the 
dissolved-oxygen deficit. L = 20 p.p.m. /> — 0. (Afttr Streeter.) 

The various values in the oxygen-sag equation will then be known or 
will be given by the following relations: 

The temperature of the mixture, T - 

The oxygen-saturation deficit of the mixture, 

D = (saturation value at / C.) — — q q — 

The initial B.O.D. of the mixture, 
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The various forms that the oxygen sag may take at diiferent tem¬ 
peratures, as calculated by the equation developed by the Public 
Health Service, are illustrated in Fig. 16. The curves are based upon an 
assumed initial H.O.D. of L = 20 p.p.m. and an initial oxygen-saturation 
deficit of D = 0 p.p.m. The constants ivi and Ki are taken as equal 
respectively to 0.1 and 0.2 at 20°C. 

A comparison of computed and observed values of dissolved-oxygen 
content of a polluted river, made by the Public Health Service for five 
stations on the Illinois River, is given in Table 30. 


Table 30.— Comparison of Calculated and Observed Oissolved- 
OXYGBN Contents of Upper Illinois River at Successive 
Sampling Stations 


Station, miles 

Oct, 

1921 

May, 

1922 

June, 1922 

July, 

1922 

above mouth 
of river 

Calcu¬ 

Ob¬ 

Cal(ui-| 

Ob¬ 

Calcu- 

Ob- 

Calcu¬ 

Ob¬ 

lated 

served 

latcd 

served 

lated 

s(^rved 

lated 

served 


Dissolved-oxygen saturation dofieit, p.p.ni. 


263 

8.4 

9.1 

8.6 

8.0 

8.6 

8.8 

6.2 

8. 

240 

6.4 

7.1 

7.0 

6.3 

6.4 

7.6 

4.8 

8. 

227 

6.5 

7.4 

7.0 

6.4 

6.5 

8.1 

4.9 

8. 

196 

4.3 

5.3 

4.4 

4.3 

3.6 

5.9 

3.0 

7. 

179 

1 4.9 

6.6 

3.6 

4.6 

2.6 

6.3 

2.7 

8. 


Dissolved oxygen, percentage of saturation 


263 

20 

14 

11 

19 

3 

1 

28 

2 

240 

39 

32 

28 

35 

28 

15 

44 ‘ 

6 

227 

38 

29 

28 

34 

27 

9 

43 

8 

196 

59 

50 

55 

61 

60 

31 

65 

12 

179 

63 

37 

63 

52 

71 

26 

69 

9 


It will be noted that the computed and observed values check each 
other closely for May and reasonably well for October, but that they 
diverge widely for June and July. This divergence is probably due to 
oxygen absorption by the bottom sediments, a factor that must not be 
neglected. 

In making estimates of the dissolved-oxygen sag by the method 
developed by the Public Health Service the limitations of the method 
should be clearly realized. Actual conditions may be profoundly 
modified by the hydrography of the stream, the deoxygenation charac¬ 
teristics of the polluting substances, the presence of wastes other than 
sewage, especially toxic industrial wastes, the entrance of diluting 
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waters or additional waste materials, the growth of green plants, the 
existence of dams and other obstructions, and many other factors. 
To illustrate some of these modifications, Fig. 17 is given. It shows the 
dissolved-oxygen sag of the Skaneateles outlet in central New York, 
as affected by a number of wastes which enter the stream along its 
course (7). 

If the velocity of flow of a stream is known, the oxygen sag can be 
determined with respect to distance below the point of pollution. The 
average velocity naturally varies considerably. In the Ohio River 
studies previously referred to, monthly mean velocities ranging from 
0.16 to 3.60 miles an hour were encountered in 1914-1915 between 
Pittsburgh, Pa., and Louisville, Ky. An average value for velocity of 
flow of large rivers is ^ mile an hour. 

Biological Re-aeration.—Waters that support appreciable growths of 
green plants and related organisms may draw a considerable quantity 



Fkj. 17. -Dissolved-oxygen sag of Skaneateles outlet. {After Suter.) 


of oxygen from the photosynthetic activities of these organisms. An 
example of the reoxygenation of polluted water by green plants, particu¬ 
larly the plankton, is afforded by the authors’ observations of a small 
stream at Cincinnati, Ohio. A sewerage system serving a population of 
about 1700 persons discharged sewage into the upper reaches of this 
stream which had a sluggish flow for about a mile below the sewer outlet 
and then spread out into a shallow creek with occasional pools. The 
odors from the water just below the sewer outlet were offensive at times, 
causing much complaint. At the time of the inspection, the water near 
the outlet contained about 70 per cent of its saturation value of dissolved 
oxygen. Farther downstream green algae appeared and their growth 
increased in luxuriance as the distance from the outlet increased. Where 
it was heaviest, there were evolved by the green masses enormous num¬ 
bers of gas bubbles which, when collected in a bottle and tested by 
ignition, appeared to be pure oxygen. At a distance of miles below 
the outlet the water was 130 per cent saturated with oxygen and free 
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from objectionable appearance. Aquatic growths of this type are 
active both in the re-aeration of polluted water and in the sedimentation 
and straining out of suspended material. 

Observations similar to these have been made at other places. The 
most notable ones are those of the United States Public Health Service 
on the Potomac River flats below Washington, D. C. (8). Of special 
interest in this investigation are the studies of the effect of sunlight on 
plant activities. Purdy found that the average saturation with dis¬ 
solved oxygen of the water flowing from the flats was 99 per cent on 
sunny days and only 69 per cent when the sky was cloudy or overcast. 
The photosynthetic activity of the aquatic flora supported by the river 
flats is further illustrated by the fact that the average concentration of 
dissolved oxygen in the river channel was 71 per cent, whereas that of 
the flats was 87 per cent. 

It is evident, however, from what has been said about the progressive 
changes which take place in a sewage-polluted stream, that heavy pollu¬ 
tion will greatly restrict, and often eliminate, the development of green 
plants and related organisms in the zones of degradation and active 
decomposition. 


BIOLOGICAL RELATIONS 

Biological Processes of Self-purification.—An understanding of the 
theory of self-purification of polluted waters is closely linked with a 
knowledge of the food habits and life processes of the living organisms 
commonly encountered in these waters. This knowledge has been 
made available by the researches of numerous workers and has been 
summarized admirably by Marsson, from whose lecture, as translated 
by Kuichling, the following conclusions are taken (9): 

In water most diversified interrelations between plants and animals, or 
between food producers and food consumers, are found. Among the latter 
there is a constant struggle for existence, the final victors being the preda¬ 
tory fishes which are chiefly used for human consumption, and whose food 
has been evolved in a complex manner from the dead organic matter origi¬ 
nally present in the water. On their own death, their bodies become a 
source of nutrition for the other animals whose progenitors served to feed 
them. 

Although these considerations show how readily streams and their 
denizens can cope with natural waste waters, t.e., the sewage of cities and 
the wastes of certain industries including their sludge-forming matters, 
and how often relatively clean water can be encountered only a short stretch 
below the point of pollution, we must remember that the quantity of 
putrescible or decomposing matters must always remain in proper propor¬ 
tion to the volume of water and current velocity. The maximum load o! 
municipal and induatrial wastes that a body of water can digest depends 
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not only upon its physical properties but also upon its biological and chemi¬ 
cal characteristics. 

The problem has a somewhat different aspect in the case of certain 
industrial wastes that contain acids, alkalies or other substances that are 
destructive to animal life and that kill not only the larger flora and fauna but 
also the microscopic organisms which drift in the stream and are constantly 
at work in maintaining its healthful purity. 

The self-purification of a stream thus involves a large number of factors, 
all of which stand in mutual relationship and interaction like the wheels of a 
clock, and the main object of ‘he foregoing considerations was to point out 
the great importance of the action of animal and plant life alone in con¬ 
serving the purity of waters. 

Increase in Aquatic Life Due to Sewage Pollution.—It stands to 
reason that the addition to natural waters of large quantities of food 
substances, such as are contained in sewage, commonly will permit the 
waters to support life in increasinif; varieties and numbers. The quantity 
and seasonal distribution of the plankton in the Illinois River before and 
after opening the Chicago Drainage C'anal, as given by Forbes and 
Richardson (10), are illustrated in Table 37. 


Table 37.— Illinois Rivek Plaxkton at Havana, III., before and 
AFTER Ope NINO OF CiiicAcjo Drainagb Canal 
Cubic Cciitimoiers of Plankton per Cubic Meter of Water 


Month 

Bcfoio opening 

After 

opening 

1895-1896 

1896-18971 

1897-1898 

1909-1910 

Sept. 

1.52 

0.38 

6.33 

0.10 

Oct. 1 

0.57 

1.10 

5.94 

2:58 

Nov. 

3.02 

0.02 

1.00 

1.38 

Dec. 

1.19 

0.76 

0.56 

0.38 

Jan. 

0.01 


0.45 

0.01 

Feb. 

0.01 

0.04 

0.27 

0.21 

Mar. 

0.07 

0.38 

0.33 

2.18 

Apr. 

5.69 

5.11 

4.40 

29.60 

May... 

1.30 

5.62 

11.30 

12.27 

June. 

0.71 

0.27 

3.96 

11.89 

July. 

1.44 

4.78 

0.58 

0.23 

Aug. 

1.17 

3.65 

0.91 

0.06 

Average. 

1.39 

2.10 

3.00 

5.07 


One of the authors has described the' stimulation of aquatic growths 
along the banks and in the bed of the Hockomock River, which receives 
the effluent of the Brockton, Mass., sewage-treatment works through its 
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tributaries (11). In this case excessive vegetation was held to be 
responsible for the clogging of the channels by the growths and by 
banks of silt and sand, the formation of which was fostered by these 
growths. 

Excessive growths of green algae during the summer months have also 
been reported in the Back River in the neighborhood of the Baltimore 
sewage-treatment works (12). 

LePrince and Headlee (13, 14) have stated that the breeding of the 
house mosquito, Culex pipiens, is stimulated by the discharge of sewage 
into a sluggish stream. The larvae of this variety of mosquito are found 
in almost all sorts of stagnant fresh-water pools and in salt marshes which 
have become polluted with sewage, but they are rarely found in clean 
water. Although the Culex does not transmit disease, it is annoying 
on account of its habit of entering dwellings and “biting” during the 
night. When present in large numbers, these mosquitoes are apt to 
range out for two miles from the breeding place, in search of a supply of 
human blood. 

Indicator Organisms.—There are numerous organisms whose ecology 
—or mutual relations between living organisms and their environment— 
is sufficiently definite and well established to permit their use as indicators 
of pollution and self-purification. Engineers are generally familiar with 
the use of B, coli as the bacterial index of pollution.* Other organisms 
may be used in a similar way. An extensive ecological classification of 
aquatic organisms has been prepared by Fair and Whipple (1) and will 
prove useful in studies involving the biology of the self-purification of 
natural waters. Use of these living indicators, however, is predicated 
upon an appreciation of the fact that final judgment cannot be passed 
on the basis of single organisms. In this respect biological analysis does 
not differ from chemical analysis. In the words of Fair and Whipple, 

... a multiplicity of indications is required for reasonable interpretation 
of the pollutional status of the water. Instead of considering the different 
indicator organisms separately, therefore, they should be examined as 
biological associations that by mutual admission and exclusion of eviden( 5 e 
indicate the correct conclusion to be drawn. 

Furthermore, other tests, physical and chemical as well as bacterial, 
should be utilized in order to obtain adequate evidence of existing 
conditions. 

Among the living indicators of pollution and self-purification, the 
bottom-dwelling or sessile organisms are particularly useful in gaging 
the pollutional character of bodies of water. As expressed by Fair and 
Whipple, ‘^the character of the bottom sediments found in any stretch 
of a stream is a reflection of the cumulative variations that have taken 
place in the supernatant water wliije the sediments were being deposited. 
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Fig. 18.—“Type organisms” found on the bottom of polluted streams. 
{From ” The Microscopy of Drinking TTofer,” G, C. Whipple, 4th ed., John Wiley dt 
Sons, Inc., 1927.) 

1. Tubifex tubifex X 5; 4. SphcerotUus natans: 

2. Chironomus plumosus X 10; a. Tuft of filaments X 400; 

8. Eristalis trnax X 5. b. Cells in both sheath and slimy envelope 

X 200; 

c. Cells in sheath only X 200- 
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Bottom sludges, therefore, are in some respects more significant of the 
average condition of a stream than its flowing waters/’ Some of the 
“type organisms” that are often found on the bottom of polluted 
streams and that are readily recognized with the naked eye are shown in 
Kg. 18. 

Bacterial Death Rates in Polluted Waters.—If all the bacteria that 
develop in sewage-polluted water could be readily identified on a quanti¬ 
tative basis, an interesting picture of zonal differentiation, comparable 
to that presented by the oxygen sag and the sequence of plankton and 
bottom organisms, probably would be obtained. The present common 
methods of quantitative sanitary bacteriology, however, merely indicate 
a maximum development or dispersion of bacteria a short distance 
below the point of sewage pollution and a gradual, more or less constant, 
reduction in numbers thereafter. 

Kom the hygienic standpoint, the fate of the pathogenic organisms 
which may find their way into sewage and thence into streams and other 
bodies of water is a most important question. The isolation of patho¬ 
gens from polluted water is such a difficult matter, however, that there is 
no evidence of actual conditions. As far as Bacillus typhosus, the 
causative organism of typhoid fever is concerned, the Metropolitan 
Sewerage Commission of New York, after a study of the literature, 
reported in 1910 as follows: 

There is unanimous opinion that typhoid bacilli will live in sewage whether 
or not the sewage be sterilized before these germs are added; that typhoid 
bacilli do not usually multiply in crude sewage, but retain their vitality for 
some days, and that typhoid bacilli may live a considerable time in sea 
water. 

In general, experimental evidence seems to show that typhoid 
organisms die more rapidly in polluted and warm water than in clean and 
cold water. With reference to temperature Houston (15) obtained the 
results shown in Table 38. 

It has been found that the viability of B. typhosus is similar to that of 
B. coll, but that, of the two, the latter is the more resistant. For this 
reason the fate of B, coli is commonly assumed to yield information on 
what happens to pathogenic bacteria. 

The most elaborate study of bacterial death rates in polluted waters 
has been made by the Public Health Service in its investigations of the 
Ohio and Illinois rivers. Hoskins (3) has summarized the findings in 
part as follows: 

Quite extensive observations of the decrease of bacteria in polluted waters 
indicate that such changes follow a fairly regular course, modified by varia¬ 
tions in environment, such as temperature and other factors, but yet having 
an orderly arrangement of reduction. Just what agency is primarily 
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Table 38.— Influence of Temperature on Vitality of the Typhoid 
Bacillus in Raw River Water 

Average of 10 Experiments at p]ach Temperature. Average Initial Number, 

103,328 


Temperature, Percentage of typhoid bacilli remaining after various 
degrees periods of time in weeks 


c. 

F . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

32 

46.23 

0.948 

0.063 

0.033 

0.003 

0.003 

0.002 

0.001 

0.000 

5 

41 

14.41 

0.026 

0.006 

0.003 

0.000 





10 

60 

0.067 

0.014 

0.003 

0.000 






18 

64.4 

0.038 

0.003 

0.000 







27 

80.6 

0.018 

0 000 








37 

98.6 

0.006 

o.oooj 





1 





Fig. 19.— Bacterial purification in Ohio River between Cincinnati and Louis^ 
ville in relation to time of flow from sewer outfalls of Cincinnati metropolitan 
district,—summer months, April to November, 1914, 1915 and 1916. 



Fxo. 20.—Bacterial purification in Ohio Tlliver between Cincinnati and Louis^ 
ville in relation to time of flow from sewer outfalls of Cincinnati metropolitan 
district,—winter months, December to March, 1914, 1916, and 1916. 
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rcsj^onsiblo for the death of such bacteria has not hcuui definitely deteriniiH'd. 
However, there is considerable, evidence su^f^ostinj!; that plankton activity 
rather than lack of food supply is the dominant influence* in bacterial 
diminution. 

Observations of the pollution of the Illinois and Ohio Rivers have indi¬ 
cated that the numbers of bacteria contributed per capita by the sewered 
populations of various cities arc reasonably constant; these numbers change, 
however, with seasonal temperature, being much greater in summer than 
in winter. Such bacteria tend to increase in numbers in the re(;eiving 
stream for a short period and then decrease at orderly rates as the time from 
the point of maximum density is increased. Tlu^se rates of decrease were 
found to be affec^ted by water temperature and apparently by concentration, 
being most intensive during the warmer months and under conditions where 
the density of bacteria was greatest. 

Illustrations of bacterial death rates in polluted waters are given in 
Figs. 19 and 20, showing the bacterial purification in the Ohio River 
between Cincinnati and Louisville, under both summer and winter 
conditions. The curves were drawn from data on ]i. coli and agar 
counts of bacteria found in the studies of the Public Health Service (10). 
Curves based on counts of bacteria developing on gelatin would be quite 
similar to those based on agar counts. 

HYDROGRAPHIC RELATIONS 

Quiet and Running Water.—The forces of self-purification are essen¬ 
tially the same in quiet and running water but differ markedly in their 
intensity of action, some being more efficacious in running water, others 
in quiet water. The old adage that running water purifies itself seems to 
exclude the possibility of quiet water doing the same. Opposing this 
erroneous impression Sedgwick (17) has stated: 

Sedimentation and the destruction of microorgani.sms by various agencies 
are more completely effected in standing than in’ moving winter; so that 
modem sanitary science has reversed the tenet of 30 years ago and now 
unhesitatingly affirms that it is quiet water rather than running water that 
“purifies itself.’'' 

While Sedgwick thus stressed the action of those forces of self¬ 
purification, Le., sedimentation and sunlight, that are more effective in 
quiet than in running water, he did not give adequate consideration 
to the oxygen requirements of grossly polluted waters, in which atmos¬ 
pheric re-aeration becomes of considerable moment. It is easily con¬ 
ceivable that a body of water may be so seriously polluted that it would 
become putrid, if practically quiescent, while it would maintain an 
adequate supply of oxygen if its flow were sufficiently turbulent. The 
relative rates of re-aeration of quiet and running water have been 
previously noted. The flow of deoxygenated water over dams presents 
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even more striking evidence of the beneficial effect of re-aeration. Thus 
Forbes and Richardson (10) record an increase in the dissolved-oxygen 
content of the Illinois River at the Marseilles Dam during July and 
August, 1911, from 0.64 to 2.94 p.p.m. 

A factor favoring quiet water is the greater development of photo¬ 
synthetic life, owing to the absence of turbulence and the improved 
penetration of sunlight resulting from the rapid deposition of suspended 
matter. In the Illinois River system, for example, Kofoid '18) noted a 
ratio of channel plankton to backwater plankton of 1 to 3.4 during the 
years 1894 to 1899. fie remarks, furthermore, that the river plankton 
in a large degree has its source in the impounded backwaters. 

Just how great is the relative cumulative effect of the various forces of 
self-purification in quiet as compared with running waters cannot be 
estimated without reference td the pollution load and the characteristics 
of the different bodies of wate^. 

(^oodnough (19) has stated from experience with ponds at East- 
hampton, Attleboro and elsewhere, that sewage discharged into a pond 
or slow-moving stream, sitch as the Charles River Basin, has a less 
noticeable effect than an e(iual volume of sewage has upon a rapidly 
moving stream of equal volume. He further said: 

In connection with public water supplies, the advantages of the storage of 
pollut(?d water in large reservoirs in the removal of the effect of pollution 
have been rcicogiiized for many years, and tlie available evidence furnished 
by the observations of the effects of tlic discharge of sewage into ponds in 
the State indicates that, whatever effect the sewage discharged into -the 
proposed basin may have upon its waters, the effect is likely to be less than 
it would be in the cas(^ of the discharge of an equal quantity of sewage into 
a flowing stream receiving tlie same quantity of wat(jr. 

The question of sludge deposits, which represent a characteristic 
difference between quiet and running waters, is discussed in a subsequent 
section of this chapter. 

Fresh and Salt Water.- -There are a number of possible differences 
ill the behavior of sewage in salt water relative to self-purification. 
Among the conditions which influence this behavior the following are 
worthy of comment: degree of sedimentation obtained; biochemical- 
oxygen demand; dissolved oxygen available; rate of re-aeration; and 
biological considerations. 

When sewage is discharged into salt water, there is a greater tendency 
for the suspended solids to settle and thus to^ form sludge banks than 
when it is discharged into fresh water. This increase in sedimentation, 
in spite of the greater density of sea’water or brackish water, is due in 
IKirt to the coagulation of the susj>ended solids by the sea salts. 

The rate of deoxygenation of mixtures of sewage and salt water has 
not been adequately explored. Clark (19) concluded from experiments 
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with bottles of polluted sea and distilled waters that the oxygen in the 
salt*water mixture was absorbed much more rapidly than in the fresh¬ 
water mixture. Adeney and Letts (20, 21), on the other hand, judged 
from independent studies that there was no great difference between the 
relative behavior of the two kinds of water. 

The oxygen-saturation value of sea water is normally about 20 per 
cent less than that of fresh water. Hence under open-air conditions of 
oxygen saturation the oxygen reserve of salt water is lower than that of 
fresh water by amounts varying from 3 p.p.m. at 32°F. to 1.5 p.p.m. at 
80®F. (see Table 6). 

Adeney concluded from experiments that salt water, when depleted of 
oxygen, reabsorbed this gas from the air at more than double the rate of 
distilled water. He attributed this to a “streaming effect” by which 
the saturated surface water was carried down more quickly in salt 
than in fresh water. The streaming is associated by Adeney with 
increase in density of the exposed surface film, due to cooling and con¬ 
centration of salts by evaporation. Phelps (5), on the other hand, has 
argued that salt water will probably absorb oxygen less rapidly than 
fresh water. Experimental results of the Metropolitan Sewerage 
Commission of New York, presented by Gould (22), show no marked 
difference in the rate of re-aeration of salt and fresh water. 

The effect of brackish water upon the plankton appears to be quite 
marked. In this matter osmosis undoubtedly plays an important part. 
Quoting from Kayscr (23): 

This is the tendency of solutions of different degree to mingle by passage 
of water through a permeable membrane. The membrane is permeable 
to water molecules, but not to the dissolved salt molecules. The osmotic 
pressure of sea water is 0.65 atmosphere for each 1 per cent of salt content, 
or a head of more than 6 meters. This is of importance biologically. Organ¬ 
isms that live in water generally have a skin that is not impermeable to 
water, but they are also adapted to a certain degree of salinity of the water; 
Itence if they are suddenly put in water of lower salinity, the water will pass 
through the skin into the body, and conversely, they will exude water. 
Both of these actions are usually unfavorable to the life of the organism, 
and, therefore, the organisms endeavor to avoid such conditions as much 
as possible. Osmotic pressure thus tends to confine most marine animals 
within certain strata, and frequently the stratum is thin, corresponding to 
a narrow range of salinity. 

If this theory is true, it follows that the plankton of fresh water 
cannot thrive in salt or brackish water and marine plankton cannot 
thrive in fresh or brackish water. Hence a body of salt water into 
which a fresh-water stream flows, being subject to variations in salinity 
due to the relative proportions of fresh and salt water, is not well adapted 
to the plankton, and it may be expected that the normal plankton of 
fresh water and tnc normal plankton of salt water will be present, 
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dimimshed in numbers and in activity, or that species of plankton will 
be found which have the power of adapting themselves to the variable 
conditions. There are some reasons for believing that such bodies of 
water have not so great a capacity for disposing of sewage as other 
bodies of fresh or salt water. Little is known upon this subject, how¬ 
ever, and a positive statement of the relative capacities of waters of 
varying salinity cannot be safely given at this time. 

An actual example of the effects of varying salinity is cited by 
Field (19). He made a close study of Point Judith Pond, which was 
subject to a variable mixture of fresh and salt water, on account of 
frequent breaches made by the sea through a narrow neck of land 
separating the pond from the ocean. As a result of these studies a 
permanent opening to the sea was made, resulting in a constant degree 
of salinity and in improved conditions. 

Relative to bacteria Clark (19’' decided from the results of tests that: 

1. Che greater numbei* of bacteria in the supernatant liquid were found 
under fresh-water conditions. 

2. The greater bacterial growth in the muds occurred under fresh-water 
conditions. 

3. The greater relative number of anaerobic growths occurred under 
salt-water conditions, both in the mud and in the supernatant liquids. 

4. In the salt-water experiments the number of bacteria which, when 
the water was plated, would grow in hydrogen—f.e., under anaerobic condi¬ 
tions—exceeded in number in some instances those which would grow in 
air—f.e., under aerobic conditions. 

Temperature Effects.—Of the various factors that must be considered 
in the self-purification of polluted waters, temperature is one of general 
significance, since it affects such physical forces of self-purification as 
sedimentation and re-aeration, as well as such biochemical or biological 
forces as deoxygenation and the life processes of aquatic growths. Both 
the rate of deoxygenation and the subsequent rate of re-aeration increase 
with rising temperatures and decrease with falling ones, the former more 
so that the latter. This, as shown in Fig. 16, is reflected in the shape 
of the oxygen sag. 

At low temperatures the sag is flat, but long; at high temperatures it is 
deep, but short. Taking into account the fact that at high temperatures 
water can carry less oxygen in solution, it follows that septic conditions 
are more likely to prevail during warm weather. During cold weather, 
on the other hand, self-purification is evidently retarded and the zones 
of self-purification extend over longer river stretches. In the disposal 
of sewage by dilution, therefore, rivers, lakes or tidal estuaries may 
receive in winter, without causing objectionable conditions, quantities 
of sewage which in summer would give rise to such conditions. In 
streams, furthermore, the flows are commonly higher in the colder 
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seasons of the year than during the summer. The combined effect of 
runoff and temperature variations upon the dissolved-oxygen content 
of the Merrimack River at Lawrence is shown in Fig. 21, the discharge 
of the stream being based on reports of the United States Geological 
Survey and the analyses on the reports of the Massachusetts State 
Hoard of Health for 1906 and 1007. Goodnough estimated the amount 
of polluting matter in the Merrimack River above Lowell as equivalent 
to that produced by a population of 70,000, and the equivalent popula¬ 
tion discharging sewage below Lowell but above Lawrence at 182,300. 
These observations were taken in years of average run-off; in dry years 
conditions must be worse. Conditions in the river have at times been 



Fig. 21. —Relations of temperature, flow and dissolved oxygen in the Merrimac^k 

River at Lawrence. 


such as to result in legislative inquiries and special studies by the State 
Department of Public Health. 

Bacterial action at low temperatures is relatively slow and sewage may 
be carried by the water receiving it to a point where ample dilution is 
afforded before the bacteria have caused any offensive conditions. 
When freezing temperatures are reached, however, and streams become 
covered with ice, re-aeration is prevented and offensive conditions may 
obtain. This factor may be of considerable importance in heavily 
polluted waters in which the oxygen in the waters below the ice sheet 
may be depleted completely. Anaerobic decomposition will then be 
established with resulting noxious conditions. Cases of more or less 
complete deoxygenation of rivers used as public water supplies, when 
atmospheric re-aeration was cut off by ice cover, have been noted in 
the Schuylkill River at Philadelphia, Pa., 1882-1883, Maumee River at 
Toledo, Ohio, 1917, and Spring Creek at Richmond Hill, Ont. 
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Prevention of re-aeration by ice coverage and the resulting depletion 
of oxygen are strikingly illustrated by results obtained by the Public 
Health Service in studies of the Mississippi River below Minneapolis, 
Minn. (24). During July, 1926, with a water temperature of 22.6®C., 
the oxygen saturation of the river water was 24.4 per cent and its 5-day 
biochemical-oxygen demand 2.90 p.p.m. above Lake Pepin, the corre¬ 
sponding values at the outlet being 66.8 per cent and 0.99 p.p.m., 
showing an appreciable increase in dissolved oxygen and a significant 
decrease in B.O.D. during passage through Lake Pepin. During 
February, 1927, however, when ice coverage of the lake prevented 
re-aeration, the dissolved-oxygen saturation of the river water was 
52.7 per cent at 0°C. above the lake and only 17.0 per cent at the outlet. 
This drop may have been due in paH also to lack of biological re-aeration. 
During this month the 5-day B.O.D. values decreased from 2.62 p.p.m. 
above the lake to 1.55 p.p.m. at the outlet, thus indicating some stabiliza¬ 
tion of the pollution load even at this low temperature. 

Of importance in connection with the oxygen resources and other 
factors of self-purific*ition of polluted waters is their thermal stratifica¬ 
tion. This is particularly noticeable in large, deep lakes and is related 
to currents and mixing of waters and with them to the diffusion of 
oxygen, dispersion of pollution, distribution of aquatic life and other 
important considerations. 

Sludge Deposits.—The settling of sewage solids in streams, lakes and 
tidal estuaries, while an aid to the clarifying of their waters, may 
intensify the pollution problems wherever sludge banks are formed. 
Offensive conditions may be created in the vicinity of such banks. 
Generally speaking, sludge deposits appear to become stabilized more 
slowly than do the transported solids, but whereas the latter are removed 
to points of greater dilution, the settled sewage matters remain to decom¬ 
pose until scoured away in rivers by floods, in lakes by wind-induced 
bottom currents and in the sea by tides and waves. It has been found 
by Baity, in the course of research at Harvard University, that oxidation 
takes place only at the surface of sludge deposits and anaerobic decom¬ 
position generally prevails within the sludge mass. In warm weather, 
therefore, gases and offensive odors may be given off from sludge banks 
even when the supernatant waters contain oxygen. During the winter, 
furthermore, decomposition is greatly retarded, and unless removed by 
spring freshets, tides or high winds, the winter's accumulation of sludge 
may be left to putrefy during the summer and thus add greatly to the 
l)ollution load of the waters. Anaerobic conditions are favored by 
thermal stratification in fresh water and by differences in density d\ie 
to salt concentrations in brackish water. 

In salt water Baity has found that decomposition of sludge deposits 
appears to be more protracted and hence less violent than in fresh water. 
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A striking example of the effect of sludge deposits was afforded by the 
condition of the Fens Basin at Boston in 1902. This basin, formerly a 
tidal estuary, had its waters held at a certain elevation by a dam and 
tidal gates. Muddy River and Stony Brook, two streams draining a 
thickly populated territory, discharged water which was practically 
weak sewage into the upper end of the basin. Heavy sludge deposits 
formed in the basin, amounting in 1903 to about one-fourth of its 
cubic contents. Clark investigated the dissolved-oxygen conditions 
in this basin and found marked stratif\cation, due to a mixture of salt 
and fresh water, interfering with vertical circulation, so that the under¬ 
lying water was rapidly deprived of oxygen as it moved over the sludge. 



Fiq. 22.—Effect of sludge deposits on oxygen content of Fens Basin. 

His findings are plotted in Fig. 22. Quantitative estimates of the effects 
of sludge deposits upon the oxygen balance are discussed in the next 
chapter. 

OBSERVED POLLUTION AND SELFnPURIFICATION OF NATURAL 

WATERS 

A large number of comprehensive investigations have been made, 
especially during the past decade or two, of the pollution and self¬ 
purification of American streams, lakes and tidal waters. Much can 
be learned from a study of the reports incorporating the findings and 
the reader should consult the original documents for an adequate 
exposition of the factors involved in each case. 

From the wealth of material a few examples are selected for the 
purpose of illustrating the different types of problems encountered and 
amplifying with actual observations the information presented in the 
preceding sections^of this chapttr. 
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Dliiiois River Studies. —Probably no river has been investigated as 
thoroughly through so many years as the system of watercourses of 
which the Illinois River forms the main artery. This system of water¬ 
ways extends from Lake Michigan through the Chicago River, Chicago 
Drainage Canal, Des Plaines River and Illinois River proper for 357 miles 
to the mouth of the latter in the Mississippi River at Grafton (see 
Fig. 37). ' 



Flo. 23.—Comparison of summer and winter bacterial conditions in Illinois 

River. 


Biological studies of the river system were begun by the Illinois 
State Laboratory of Natural History in 1894, even before the opening 
of the Chicago Drainage Canal, pollution reaching the Illinois River, 
however, through the Illinois and Michigan canal. These studies were 
at first conducted by Kofoid and have been continued to the present 
time by Forbes and Richardson. Chemical and general sanitary 
investigations have been made by Cooley in 1889 and 1891 and by 
Palmer in 1897 for the Illinois State Board of Health and by Bartow 
and Buswell of the Illinois State Water Survey. Extensive examina¬ 
tions of the self-purification of the Illinois River have been conducted 
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in connection with the suit of the State of Missouri to restrain the State 
of Illinois and the Sanitary District of Chicago from discharging sewage 
diluted with water from Lake Michigan into tributaries of the Missis¬ 
sippi. Further studies have been made by the Chicago Sanitary 



Fig. 24. —Comparison of summer and winter oxygen conditions in Illinois 

River. 

District, by the Public Health Service and others, some of them in 
connection with the controversy over the lowering of the Great Lakes, 
a matter involving many and varied interests. No summary of the 
many findings is possible within the scope of this chapter. In prder to 
exemplify the self-purifying powers of a heavily polluted stream, how¬ 
ever, the following summary of results obtained by the Public Health 
Service in 1021 is taken from a paper by Hoskins (25): 
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During the summer mouths the total bacterial coimts on agar at 37'" 
(24 hr.) immediately below the drainage canal ranged from 2,000,000 to 
5,000,000 per cubic centimeter, whereas iii the winter months tliey hav(? 
ranged from 100,000 to 300,000 (monthly averages). Since the volume of 
the Illinois River at stations 292-286 [see Fig. 23] is nearly constant, this 
indicates a wide seasonal variation in the total bacterial (iontent of the 
sewage of the Sanitary District. Similar seasonal variatioTis are noted 
in the gelatin count and B. colt. This is in accordance with observations at 
Cincinnati and Ijouisville on the Ohio River. . . . 

The decrease in bacterial content from the outlet of the Drain.ige Canal to 
station 166, immediately above Peoria, is at all times very gniat, and is 
practically parallel in the agar count, the gedatin count and the B. coli. 
The decrease is absolutely and relatively mucdi greater in summer than in 
winter. Dilution by tributaries is a very small factor in this decrease, which 
is largely due to death of the bacteria. From a bac.teriological standpoint 
the river immediately above Peoria is not highly polluted—not more so 
than many streams draining rural sections. 

The pollution resulting from wastes received in the Peoria district is very 
considerable in summer and the decrease below this point, though steady, is 
less rapid than in the upper half of the river. 

In the upper riv(;r the oxygen demand greatly exceeds the supply as 
represented by the dissolved-oxygen content, but in passing downstream 
from Joliet to Peoria the dissolvc'd oxygen progress!v(^ly in(!reas(?s and the 
biochemical-oxygen demand decreases until the former exceeds the latter 
at a point well above Peoria, establishing an ^‘oxygen balance[se(^ Fig. 24). 
In summer the extent of oxygen recovery in passages through Peoria Lake 
(a large body of wide shallow water betwc'on stations 179 and 166) is remark¬ 
able; in winter it is less marked but noticeable. Below Peoria the oxygen 
demand increases gradually to a point just above Beardstown, with, in 
summer, a corresponding decrease in dissolved oxygen and a reversal of the 
oxygen balance. Although a distinctly moasura})le increase in oxygon 
demand below the urban district of P(»oria is to be expected, this gradual 
increase over a distance of 50 miles is not yet fully explained. 

Other notable studies of stream pollution and natural purification by 
the Public Health Service are those of the Potomac, Ohio and Mississippi 
rivers. 

Cowesett Brook.—The Illinois River studies exemplify the natural 
purification of a stream that is heavily polluted by crude sewage and 
putrescible industrial wastes. The effect of discharging the nitrified 
effluent of a sewage-treatment plant into a small stream is demonstrated 
by studies made by Weston and Turner (26) during 1914 and 1915 of 
the Cowesett Brook at Brockton, Mass. This stream has a flow of 
approximately 0 to 25 m.g.d. above the treatment works. It drains a 
sparsely settled farming region and less than 2 miles from its source it 
receives the effluent from the Brockton sewage-treatment works. About 
0.7 mile below the works it is joined by a normal stream having a 
drainage area slightly larger than its own. During seasons of high run- 
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off the discharge of the two streams is practically proportional to the 
drainage areas, but during periods of low flow the Cowesett may contain 
much more treated sewage than water and the ratio of flow in the two 
streams may be 3 to 1, that of the Cowesett being the larger. During 
the period of study the Brockton sewage, averaging 2.1 m.g.d. of septi- 
cized domestic sewage and industrial wastes from the shoe factories, 
was discharged intermittently on to 37 acres of sand beds at a rate 
of 60,000 gal. an acre daily, part of the sewage passing first through 
a trickling filter 0.5 acre in area. The principal conclusions reached 
by Weston and Turner are given below. 

The whole study reveals the extreme importance and the energetic action 
of certain plants and animals in purifying a stream receiving sewage effluents. 

The Cowesett Stream, which receives a more or less nitrified sand-bed 
effluent, first \ayH down a pollution carpet by precipitation of organic and 
mineral matter, including silica. 

This false bottom contains forms of life typical of pollution and purifica¬ 
tion which furnish a better index of the true condition of the stream than 
do organisms found in the supernatant liquid. 

The entrance of organic matter into the stream increases plant and 
animal life in a scries, beginning with the lowest and ending with the highest 
forms, eiu*h class appearing along with a definite food material. 

Comparison of conditions on the Cowesett with investigations of other 
streams shows that the smaller, shallower and more nearly stagnant the 
body of water, and the more highly nitrified and clarified the effluent, the 
more rapid is the succession of zones of higher animal life, and the more rapid 
and complete the purification process. . . . 

The return of the stream to a normal biological condition is more rapid 
than il« return to a normal chemical condition; and the rate of chemical 
change is much less rapid below the point where biological processes have 
ceased their unusual activities. ... 

In this stream the dissolved oxygen tends to decrease until the excessive 
growth of animal life, favored by pollution, ceases. This factor outweighs 
both the normal re-aeration of the stream and the oxygenating effect of 
plant growth. 

The carbon dioxide introduced with the effluent tends to decretisc down¬ 
stream, at first rapidly and afterwards very slowly. 

The rate of the oxidation of nitrogenous compounds varies with the 
season, and with the intensity of organic growth; it is very rapid in summer 
and hardly discoverable in winter. 

The types of organisms which most clearly indicate the degree of pollution 
are bacteria, protozoa and diatoms. . . . 

Chemical changes in the stream are due to bacteria more than to any 
other group of organisms. The higher animals are important by removing. 
an excess of lower organisms. 

The rate of decrease of bacteria is most rapid at the point of entrance of 
the effluents, and except during the winter floods very slow below the first 
mile. ... • ' 
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Different species of higher plants will tolerate pollution in different 
degrees. They are important in holding back suspended matter and 
preventing small organisms from being washed down by the current; they 
also assist in the removal of colloidal suspended matter and in checking the 
flow of the stream. . . . 

Fishes (trout, suckers) were occasionally observed even in the most 
polluted part of the stream. 



The trouble from aquatic growths observed on the Hockomock 
River, to which the Cowesett is tributary, has been discussed on page 171. 

Lake Michigan at Milwaukee.—^An example of the pollution and self¬ 
purification of lakq waters is furnished by conditions in Lake Michigan 
at Milwaukee, Wis., in 1909 to 1911, which are discussed in Chap. VIII. 

New York Harbor.—Among tidal estuaries the pollution and self¬ 
purification of New York Harbor (Fig. 25) have been investigated most 
thoroughly by the Metropolitan Sewerage Commission and by other 
authorities. Extensive examinations were made also in connection with 
the suit of the State of New York to restrain the State of New Jersey 
from discharging into Upper New York Bay the sewage and trade refuse 
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of. 37 municipalities and townships in the Passaic Valley watershed in 
that State. 



Fio. 26.—Dissolved oxygen in New York Harbor and adjacent waters. 


The main results obtained by the MetropolitanSewerage Commission 
are given in Fig. 26, plotted from figures in the 1910 report. This shows 



Fig. 27.—Dissolved oxygen in Hudson River and New York Bay. 

that in the main exits from upper New York Bay there is a gradual 
increase of dissolv^ oxygen as ^^le ocean is approached. The figures 
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are averages of the oxygen found at various depths and at various 
conditions of tidal currents. The percentage of saturation at the same 
time at different points in a cross section of channel varies considerably. 
The samples were taken in the center of the current. In practically all 
cases, the waters of a flood current had more oxygen than those of the 
corresponding ebb current. In the Hudson River it was found that the 
saturation at the surface down to Fort Washington was 100 per cent 
on July 12 and 13, 1011, but the average of deep samples was much less, 
as shown in Fig. 27. 
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CHAPTER VIII 


SEWAGE DISPOSAL BY DILUTION 

As reported in Chap. I in the discussion of the present status of sewage 
disposal in the United States, records of the sewerage works of cities 
with populations in excess of 100,000 in 1930 show that the sewage 
from about 70 per cent of the total population of 36,450,000 represented 
by these cities was discharged into water without treatment other than 
fine screening in certain instances. According to these records, further¬ 
more, the sewage from 16 per cent of this population received only tank 
treatment and from 14 per cent complete treatment prior to discharge 
into water. Taking into account the limitations of the process described 
in Chap. VI and the varied uses of water, the magnitude of the problem 
of sewage disposal by dilution is evident. 

Basic Information for Planning Dilution Works.—As shown in Chap. 
VII, the disposal of sewage by dilution is rendered practicable not 
merely by the dispersion of the waste matters in large volumes of water 
but, in the last analysis, by the self-purifying powers inherent in natural 
bodies of water. Intelligent planning of dilution projects requires a 
thorough appreciation of the processes of self-purification and the various 
factors that determine the characteristics and behavior of sewage in 
water. It presupposes, furthermore, a knowledge of such hydrographic 
elements as govern, in one way or another, the dilution secufed and the 
interlocking operation of the many forces of self-purification. 

The information required varies greatly under different circum¬ 
stances. It may involve the following: studies of the wastes to be 
disposed of, including the value of treatment prior to discharge; hydro- 
graphic surveys or examination of hydrograplxic records, including, (a) 
in the case of streams, runoff records and characteristics of flow, both at 
and below the point of disposal, (b) in the case of lakes, current observa¬ 
tions and the effects of winds, seiches and temperature stratification 
upon the dispersion of the sewage, (c) in the case of tidal estuaries, tides 
and the effects of winds, salinity and temperature stratification upon the 
movement of the sewage; studies of possible locations for, and forms of, 
the sewer outfall in its relation to hydrographic conditions, particularly 
in the case of lake and ocean outfalls; and studies of the various uses 
of the water receiving the sewage, including the protection of water 
supplies and the relative value and economy of sewage treatment and 
water purification, the safegut^ding of bathing beaches and other 
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recreatioinal facilities, the conservation. and protection of useful 
aquatic life and its commercial value in relation to sewage treatment, 
the avoidance of unsightly or offensive conditions created by the 
sewage matters on or in the waters or along the shoics, and the 
prevention of sludge-bank formation and of the resulting encroachment 
on waterways. 

Hydrographic Surveys.—As far as hydrographic studies are con¬ 
cerned, the discussion of runoff records and currents due to the normal 
hydraulic displacement of water requires no elaboration in such a book 
as the present. Special problems of horizontal as well as vertical water 
movement induced by winds, tides and other meteorological as well as 
hydrographic factors, however, are worthy of some comment. 

The path of currents that are not defined by the normal flow of water 
along the hydraulic gradient may be studied in various ways, the 
selection of which must depend upon local conditions. Thus it is pos¬ 
sible to observe pronounced currents of tidal origin by means of floats. 
Interpretation of the results obtained by float observations may be aided, 
however, by salinity observations and in some cases by temperature 
studies. Although float observations may have some value in the trac¬ 
ing of the less pronounced horizontal currents in lakes and other standing 
bodies of fresh water, recourse is generally taken to temperature observa¬ 
tions and chemical and biological analyses in defining both the vertical 
and horizontal travel of water and sew^age under the influence of wind 
and other factors. The methods employed, with the exception of 
analytical procedures, and the underlying principles are described in 
succeeding sections, those applying particularly to ocean outfalls being 
considered first. 

HYDROGRAPHIC SURVEYS FOR OCEAN OUTFALLS 

Float Observations.—The Metropolitan Sewerage Commission of 
New York, in its observations of currents, used floats of the types 
shown in Fig. 28 and described as follows in its report for 1910: 

Can Floats .—The first consisted of tin cylinders, an upper and a lower one 
connected by a wire. The upper cylinder was in. in diameter by 6 in. 
in length; it was empty and sealed and carried a small red flag on a staff set 
in a socket on the upper end of the cylinder. From this upper can, which in 
action was partly submerged, a larger can 6H in. in diameter by 14 in. in 
length was suspended by a copper wire of such length as to permit the larger 
can to float in the current whose velocity was to be determined. This 
larger can was weighted with sand until the top of the upper can was nearly 
level with the surface of the water. This type of float had the advantage 
of ease of handling, ease of preparation for use, a small area exposed to wind 
and small cost. On the other hand,' where traffic was congested—as in the 
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East River—they won^ dest royed by the paddles and propellers of steamers. 
When required for night work they wore unable to carry a lantern. 

Spar Floats .—Another type of float was made of a 3- by 3-in. by 6-ft. stick 
buoyed at one end by being built up to 12 by 12 in. for 24 in. from the top 
and weighted at the other by four vanes of No. 14 gage iron 18 by 21 in. iy 
size, secured by bolts. A ?^-in. rod projected about 4 ft. above the top and 
was provided with two arms, from which were suepended red and white 
lanterns at night. As this float was heavy and difficult to handle, and as 
the rod was easily bent, a light stiffening frame of by 2-in. iron was 



Small J 

Float. Lor^e ^ Float. 

Fig. 28. —Types of floats used by Metropolitan Sewerage Commission. 

attached to the head of the float and supported the rod just below the 
lanterns. To this frame was welded a hook to be grappled in removing 
the float from the water. This design proved satisfactory for the rough seas 
experienced in December, 1909, in the Lower Bay and among the tugs, car 
floats and ferries of the East River. 

These floats were followed day and night and their position was 
determined at frequent intervals by means of a sextant or by estimating 
the bearing from some known point. • 

In making use of floats to determine the direction and velocity of 
tidal currents, it must be kept in mind that sewage discharged into 
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tidal water will tend to rise to the surface and will then move over the 
surface more rapidly than will deep floats. For example, the early 
investigations of the tidal currents in the vicinity of the Moon Island 
outlet of the Boston sewerage system were made with floats 8 ft. long. 
These floats showed the direction of the currents but they moved with 
the mean velocity of the water and not with the surface velocity during 
the ebb tide, during which alone it was proposed to discharge the 
sewage. After this outlet was placed in service, it was found that the 
sewage moved on the surface much more rapidly than was anticipated 
from the results of the float observations and in later observations of 
this nature the Massachusetts State Board of Health used floats about 
8 in. long for most observations and 24 in. long for the remainder, as 
it was found that the sewage tended to form in a shallow sheet on top 
of the water and hence the surface and shallow-depth velocities were of 
greater importance than the mean velocities of deeper sections from the 
surface down (1). 

Salinity Observations.—The measurement of the salinity of the 
water in a somewhat polluted tidal basin sometimes affords important 
information concerning the possibility of discharging more sewage into 
it. For instance, the tidal currents in the East River at New York 
have been reported by the U. S. Coast and Geodetic Survey to have 
maximum, average and minimum velocities of 7.8, 5.0 and 2.5 ft. per 
second, respectively. It was held for a long time that in the tidal 
movements there was a resultant southerly flow from Long Island 
Sound to New York Upper Bay amounting to about 11 per cent of the 
northerly flow. The subject was reviewed for the Metropolitan Sewer¬ 
age Commission of New York by Tittman, who decided that it was 
difficult to detect a net flow in either direction and if there was an 
excess toward the south, it could not exceed 1 per cent. Float observa¬ 
tions by the Commission confirmed this opinion that there was no 
resultant flow. Observations of the salinity of the water were finally 
made, which established the fact that there is such a flow, and con¬ 
sequently lionsettling sewage matter discharged into the P]ast River 
will eventually be carried out to sea, if not removed in some other way 
earlier. 

This method of studying tidal flow is based upon the fact that, while 
the normal specific gravity of sea water, which depends upon its salinity, 
varies from about 1.022 to 1.028, it is practically constant near any 
one place in the ocean. Off New York, it is about 1.025; corresponding 
to a chlorine content of 18,000 p.p.nii. under the assumption that 88.6 per 
cent of the total excess specific gravity above unity is due to chlorides. 
In this case, a sample of harbor water having a specific gravity of 
1.015 must be a mixture of 60 per cent of sea water and 40 per cent of 
fresh water. 
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A description of the Commission’s methods has been given by Alleii (2) 
in a paper on ‘‘The Use of the Salinometer in Studies of Sewage Disposal 
by Dilution.” The instrument is 12 in. long, with a stem ^^2 
diameter, carrying a 4-in. scale reading specific gravities from 1.00 to 
1.03 by intervals of 0.0005. A sample of water is placed in a tall 
cylindrical glass and the salinometer lowered into it. Both the ther¬ 
mometer and hydrometer scales are read and the hydrometric reading 
is corrected by amounts ranging from —0.0011 at 35°F. to +0.0028 at 
82°F. The corrections were determined by experiment. The salinity 
of brackish water and sea water may also be found from the chlorine 
content of water samples as discussed in Chap. III. 

The salinity of tidal waters has a direct effect on the vertical currents 
of the sewage discharged into them. According to Allen, experiments 
with colored water or sewage discharged below the surface in waters of 
different densities and at different depths did not always give har¬ 
monious results. In general, where the injected liquid had a specific 
gravity from 0.004 to 0.010 less than that of the harbor water and the 
depth of discharge was between 20 and 40 ft., its rate of ascent was 
from 0.10 to 0.17 ft. per second. This rate is about one third that of 
varnished wooden balls, carefully fitted up to have a specific gravity of 
unity, which were released at different depths below the surface. 

Tides and the Tidal Prism.—If a river discharges into a tidal estuary, 
a mixture of fresh and salt water is produced, changing in character 
from hour to hour. If the estuary is short and steep, it clears itself 
with each ebb tide; if long and with complex entries, the water may 
oscillate back and forth with a varying degree of salinity. Inasmuch 
as the tidal currents must be utilized to remove sewage, it is necessary 
to have a comprehensive knowledge of them before locating ^the outlet 
of a sewer system, in order to be sure that offensive conditions -will not 
arise at any stage of the tide and that bathing beaches and shellfish 
layings will not become polluted. 

At the turn of the tide, the incoming salt water follows the bottom, 
owing to its greater density, while the overlying brackish water is still 
traveling seaward. Gradually, as the depth of the incoming wave 
increases, the motion of the entire section changes, flowing landward 
with increasing velocity until the maximum velocity, or strength of tide, 
is reached. The velocity then falls off until ebb tide begins, when the 
whole mass of water flows seaward with increasing velocity until the 
maximum run us reached. The velocity then decreases until the turn 
of the tide is reached and the cycle begins again. The velocity of the 
ebb tide in a tidal estuary is greater than that of the flood tide, because 
the flow of fresh water is in the same direction as that of the outgoing 
salt water, instead of in the opposite direction, as on the flood 
tide. ‘ 
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The tidal prism of a tidal basin is the volume of water contained within 
it between the elevations of high and low water. It depends upon the 
mean range of the tidal rise and fail, which generally decreases in going 
from the northern to the southern limits of the United States, as follows: 


B^ast Coast 

West Coast 

City 

Range, 

ft. 

City 

Range, 

ft. 

Boston. 

9.6 

Seattle. 

11.6 

New York. 

4.4 

Astoria. 

6.4 

Baltimore. 

1.2 

San Francisco. 

4.0 

Charleston. 

5.2 

San Diego. 

4.0 

Savannah. 

6 5 



Key West. 

1 2 



Galvl^ston. 

1.0 

i 



In order to find the quantity of diluting water, the volume of the 
tidal prism must be computed. An example of the necessary calcula¬ 
tions follows: 

Example, —f’ind the dilution afforded a sewage flow of 2.3 m.g.d., which is 
discharged at the upper end of a tidal estuary with a surface area of 50 
million sq, ft. at mean low water and 53 million sq. ft. at mean high water, 
the mean range of tide being 9.5 ft. Float observations show that three 
successive ebb tides are required to carry the sewage seaward from the outfall 
to a point from which it will not return to the estuary. The average cycle 
of tides occupies a time of 12 hr. 20 min. 

Volume of tidal prism = — ^ ^ X 1,000,000 X 9.5 X 7.48 
= 3660 million gal. 

xr 1 r 2.3 X 3 X 12.33 « .. , 

Volume of sewage = - ^ - = 3.55 million gal. 

Dilution - ^ = 1:1<)30 

OOuU 

Actual conditions encountered in practice are seldom capable of as 
simple statement as is this example. Studies of currents are com¬ 
plicated by the necessity of considering the inertia of the mass of moving 
water, the configuration of the bottom and the frictional resistances. 
Where there are several inlets from the ocean to a tidal basin that is 
fed also by several fresh-water streams of appreciable volume, as in 
New York Harbor, the conditions are sometimes quite complicated. 

If the volumes of water moving in and out of a tidal basin on the 
flood and ebb tides and also the volume of upland water that passes 
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out on each tide are known, the volume of new sea water that enters 
during each flood tide to assist in replenishing the supply of dissolved 
oxygen can be computed. Hazen’s formulas (3) for this purpose are 
as follows: 

If E — the volume of ebb tide passing any place 

R = the volume of river water in the ebb tide which does 
not return 

S — the average proportion of sea water in ebb tide 
theni?(l — S) = the river water passing out at one ebb 
R 

and y,(l — S) — the proportion of river water that passes out and 
does not return 

Using these formulas, Allen has computed that under normal condi¬ 
tions about 17 per cent of the water coming into New York Upper Bay 
was fresh sea water. 

Extent of Sewage Field in Salt Water. —Experiments have been 
carried on by Rawn and Palmer (4) at Los Angeles, Cal., with a view 
to determining the dilution of sewage obtained at the ocean surface 
above a submerged outlet, from which sewage is discharged, as well 
as the area and extent of the sewage field formed on the surface above 
such an outlet. 

HYDROGRAPHIC SURVEYS FOR LAKE OUTFALLS 

Temperature Observations and Wind-induced Movements. —The 

thermometry of lakes, as well as of other bodies of water, will yield 
information that is often of assistance in tracing and explaining the 
magnitude and direction of vertical and horizontal currents which are 
largely induced by wind action. Temperatures may be determined by 
means of mercury thermometers, either read directly at the surface or 
placed in sampling bottles for subsurface explorations. There are 
many useful types of thermometers, among which the thermophone, 
developed by Warren and Whipple, has been employed by the authors 
with success. This instrument is an electrical resistance thermometer, 
in which a current interrupter and a telephone permit the determination 
of the temperature at any desired depth to which the resistance coil is 
lowered.^ 

Another instrument depending upon similar principles is manu¬ 
factured by The Leeds Northrop Company, Philadelphia, Pa., but in 
this case the telephone and current interrupter are replaced by a gal¬ 
vanometer. The latter instrument has been found by the authors 
to be more satisfactory in calm weather, but in rough weather, when the 

1 For a description qf this instrumerJj manufactured by tae Sanborn Co., CambridKe, 
Mass., sec O. C. Whipple, “Microscopy of Drinking Water,” 4th ed., 1027. 
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roll of the boat caused the needle of the galvanometer to oscillate, th(Jf 
thermophone proved more satisfactory. 

Thermal Stratification .—The relation between temperatures and wind- 
induced currents is idealized in Fig. 29, adapted from Whipple (5). 
As shown the wind blowing over the surface of a body of water tends to 
carry the surface water in the direction of wind movement, owing to 
the frictional forces exerted by the currents of air upon the water 
surface. On-shore and off-shore winds, by piling up the water along 
the leeward shore or carrying it away from the windward shore, further¬ 
more, induce complementary currents in opposite directions at greater 
depths. Tf the wind sweeps along the shore, the water currents may be 
unidirectional^ for long distances. If points of land jut out into the 
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Fig. 20. “Iflosilizcd temperature gradient and relative horizontal velocity of 
wind-induced currents in a lake. 


water, the surface tvatcr approaching them may be deflected outward 
and continue at the surface as eddy currents. 

As shown in Fig. 29, the depth to which the surface and return 
currents penetrate is closely related to the thermal stratification of the 
water. The vertical distribution of temixjratures, or the temperature 
gradient, indicated in Fig. 29 is characteristic of summer conditions. 
It will be noted that the temperature differences are small in the waters 
near the surface that lie within the ‘‘zone of circulation,^^ that they are 
followed quite suddenly by large differences within the “transition 
zone,'’ to which attaches the “zone of stagnation” with temperatures 
near the value of maximum density of water. Under summer condi¬ 
tions the greater the difference in temperature between successive 
layers of water, the greater is the difference in density of the water, and 
the greater, therefore, the “thermal resistance” to mixture, i.c., the 
force required to displace colder, lower strata of water by warmer, 
upper strata. Therefore circulation is restricted to the layers of water 
above the zone of appreciable differences in temperature. As the 
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surface water cools in the autumn, it becomes heavier and sinks, tlius 
causing currents, which reach to increasing depths until all the water 
acquires the temperature of maximum density, 39.2®F. If it were not 



for the wind, circulation would then cease but the slight differences in 
density near this temperature facilitate action by the wind, so that the 
whole body of water probably reaches a somewhat lower temperature 
than 39.2®F. In the spring, when the icy surface water becomes 


Mitee from Shore 



Fio. 31. 

heavier as it is warmed, vertical currents are again established and 
continue until the temperature of the lower strata has reached a point 
somewhat higher than 39.2®, owing to wind action, as previously noted. 
This subject has been investigated by FitzGerald (6) and others.^ 

• For a eummary of these studies see W.^pple’s " Microscopy of Drinking Water.’* 
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Wlien sewage is to be discharged into fresh water, its path can 
generally be predicted from wind and temperature observations made in 
the vicinity of the proposed outfall. Whipple’s estimates, made in 
1912, for Uie Rochester, N. Y., outfall in Lake Ontario with on- and 
off-shore winds during the summer, when the possibility of pollution of 
near-by bathing beaches is of importance, are shown in Figs. 30 and 
31 (7). It was assumed in these estimates that the sewage is warmer 
than the bottom water, but colder than the surface water. 

Whipple has given the following explanation of his estimates: 

If the warm summer sewage were discharged into the cold bottom water, 
as it would be with an off-shore wind, being lighter, it would rise quickly 
toward the surface and be caught by the outward surface current and 
carried away from the shore. Only a comparatively small proportion of the 
sewage would reach the shore under these conditions. Just what proportion 
would be carried toward the shore cannot be calculated from the data at 
hand^ but it seems certain that the amount would be very small. Thus 
the effect of southerly winds which ordinarily prevail at this season of the 
year would be to carry the sewage out into the lake. 

With the warm surface water flowing out at the bottom, the sewage would 
enter bottom water of approximately its own temperature; at times the 
sewage might be even colder than the w^ater. Under these conditions there 
would be less tendency for the sewage to rise to the surface, and a large 
proportion of it would be carried outward by the outgoing bottom current. 
Even if the temperature were slightly warmer than the bottom water of the 
lake at the outlet, the difference in specific gravity would be so small that 
sewage would rise slowly into the upper currents, so that the amount carried 
toward the shore under these conditions would be relatively small, although 
probably greater than during the prevalence of off-shore winds. 

As a result of his studies Whipple concluded that the sanitary quality 
of the water along the beaches would not be impaired by the discharge 
of settled sewage into the lake at the point proposed. The authors’ 
findings during the summer of 1929, substantiating Whipple’s con¬ 
clusions, are discussed later in this chapter. 

Wind Velocity and Velocity of Surface Water ,—On Lake Michigan 
the travel of the surface currents is about 5 per cent of the wind travel 
and they may extend to a depth of 30 to 40 ft. Judson (8) reports 
observed surface-current velocities of 2.3 ft. per second and probable 
velocities of 4.4 ft. Wheeler (9) states that continuous winds from one 
direction in the Gulf of St. Lawrence produced an appreciable velocity 
of flow at a depth of 30 ft. In the North Atlantic ocean a study of many 
observations by the United States Hydrographic Service led to the 
conclusion that the set of the surface currents amounted to about 3.2 
per cent of the wind velocity (10). Somewhat similar figures were 
obtained by Whipple (11) in Lake Erie, where the currents due to wind 
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ranged from 3 to 6 per cent of the wind travel. In small lakes the ratio 
of water to air velocities is less than in large bodies of water with a 
considerable “fetch” or free sweep of the winds. 

A study of the effect of wind movement on the distribution of sewage 
through water was made in 1011 on I^ake Owasco, from which the water 
supply of Auburn, N. Y., is obtained (12). This is a long, narrow lake 
having an average width of about 1 mile and a length of about 10 miles. 
Floats 5, 10 , 15 and 20 ft. long, provided with large wings or sheets of 
metal which were supported at the designated depths, were used in the 
study. Their motion indicated a movement of the water at a depth of 
5 ft. varying from 3 >4 per cent of the wind velocity, when it was blowing 
5 m.p.h., to 1 per cent, when blowing 30 m.p.h. They also indicated 
that, while at low velocities the currents at 5 -ft. depths were two to 
three times greater than those at a depth of 20 ft., at high wind velocities 
the differences between the currents at these depths was not great. 

While the direction of water movement is generally the same as that 
of wind movement, the shore and bottom topography of small lakes may 
change the direction of currents appreciably. 

Depth of Wind and Wave Action .—As previously noted, wind-induced 
water movement appears to extend to depths of 30 or 40 ft. in the 
Great Lakes. Observations on these bodies of water have shown that 
deposits of sludge near the shore at these depths hav(^ been removed by 
.scour. 

If the depth at which the bottom changes from mud or clay to sand 
is a criterion of the depth of influence of wave action, the influence 
reaches a depth of 55 to 60 ft. at Duluth, 40 to 45 ft. at Chicago and 
Milwaukee, and 33 to 38 ft. at Cleveland. In tidal basins, the scouring 
action of the currents is at times sufficiently reinforced by*.the wind to 
carry away sludge banks that otherwise would not have been moved. 

The vertical circulation in the Charles River basin, Boston, Mass., 
due to wind and waves has been studied by Sanborn (13). In the spring 
of 1909 the basin contained a mixture of fresh and salt water and the 
effect of winds was determined by observing the vertical distribution 
of chlorides through the water. The greatest depth at which complete 
mixing of the water was caused in this way was 5 ft. with a wind velocity 
of 5 m.p.h., 10 ft. with a wind of 7 m.p.h., 15 ft. with a wind of dH 
m.p.h., and 20 ft. with a wind of 14 m.p.h. Sanborn doubted if the 
same results could have been obtained at other seasons of the year, owing 
to different proportions cf fresh and salt water, and he did not consider 
them applicable to a lake of similar dimensions containing fresh water 
•only. 

The depth and force of wave movements are, naturally, also of impor¬ 
tance in the structural design of outfalls. This phase f)f the subject 
has been studied particularly Gaillard (14). 



HEW AGE DISPOSAL BY DILUTION 


201 


Seiches. —Besides the influences of wind and temperature there 
are certain movements in large bodies of enclosed water caused by local 
changes in barometric pressure and by winds blowing for a long time in 
one direction, known as seiches. These movements consist first of a 
piling-up of the water at the leeward end of the lake or the end at which 
there is a low barometric pressure. After the immediate cause is 
removed, the body of water tends to oscillate in a rhythmic period which. 



Fig. 32.— Effect of wind on lake currents at Milwaukee. 


according to observations made in Scotland, may be represented by tlie 
formula 


3600\/d^ 

where t is the time of oscillation in hours, I is the length of the lake in 
feet, or its width in the case of a transverse seiche, d is the mean depth 
in feet of the lake along the line of oscillation, and g is the acceleration of 
gravity. 

This formula has been found by Whipple (11) to agree very. well, 
with observed conditions on Lake Erie during storms. The period of 
seiches is of less importance to the sanitary engineer than the horizontal 
watqr movements that accompany th,em. 
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Inyestigations at Milwaukee, ^s.—In 1909 to 1911 an investigation 
was made by Alvord, Whipple and Eddy of the methods of disposing 
of sewage and protecting the water supply of Milwaukee. This involved 
a study of the currents in Lake Michigan, which exempliRes the scope 

of such investigations. As the storage 
capacity of the lake is about equal to 
its discharge during 100 years, the 
lacustrine current toward its outlet at 
the Straits of Mackinac is inappreciable 
and temperature and winds are respon¬ 
sible for both surface and deep move¬ 
ments of the water. 

Figure 32 illustrates the manner in 
which temperature records define the 
cause of wind-induced shore currents. 
An on-shore wind carries surface waters 
to the intake; an off-shore wind brings 
in the lower water strata. The quality 
of these waters depends upon the 
location of the source of pollution, as 
shown in Figs. 33 and 34. Thermo¬ 
phone readings showed that the water 
below a depth of about 65 ft. was prac¬ 
tically stagnant in the summer. Nearer 
the surface, however, the wind has a 
marked effect in circulating the water. 

The temperature observations were 
supplemented by investigations of the 
bacteria in samples of water collected at 
numerous points, both at the surface 
and at the bottom, and by determina¬ 
tions of the chlorides in the water at the 
same points. The results obtained on 
three days are given in Figs. 33, 
34 and 35, illustrating how the wind 
affected the distribution of the sewage 
through the lake in the vicinity of the 
city. 

On September 22, 1910, there was an on-shore wind. The bottom 
water had practically the same temperature as that at the surface, and 
the turbidity of the water was the lowest observed at any time during 
the investigation. The surface water, containing the largest quantity 
of chlorides, was driven northward and kept near the shore and the 
largest numbers of bacteria wei^e found near the shore. The sewage 
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vertical distribution of bacteria 
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of the city was discharged at that time into the lake by the rivers shown 
in Fig. 34. 

On September 28, there was a light off-shore wind and there was 
little difference between the surface and bottom tempera\;ure8. The 



Sept.22.I9IO. 5cpt.2S.I9IO. Ckt.5.1910- 


Wind. Wind. Wmd. 

Swt.20.HB.&5,W.Light Sept,26, N.E. Brisk Oct 3. 5, Brisk 

tf 2/. N,B. Moderate 27. IV. Light »* 4. N.e,Ught 

»22,S.e. Light « 2$, NM Light » 3. 5. W, Brisk 

Fig. 34. —Effect of winds on distribution of chlorides in surface waters of Mil¬ 
waukee Bay. 

e ^ 

turbidity was high on this day. The chlorides extended more directly 
from the mouth of the river, w^hence the pollution came, and were 
distributed more widely in the bay. The surface water, containing 
the largest number of bacteria, was then spread out from the shore. 
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Fig. 35.—Effect of winds on temperatures of bottom waters in Milwaukee Bay. 


On October 5, the wind was off-shore and colder water was brought 
in at the bottom, the difference between the average surface tempera¬ 
ture and the lowest bottom temperature being 13.3®F. The surface 
water, containing the largest quantity of chlorides, had been driven to 
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the north and there was a well-marked surface drift of water with 
large numbers of bacteria toward the water-works intake. The impor¬ 
tance of a study of prevailing winds and the currents produced by them 
is evident. 


DILUTION REQUIREMENTS 

Standards of Dilution.—As previously stated, the dilution method of 
sewage dispoi^l is limited in any particular case by the uses t() which 
the water receiving the sewage is to be put. Standards of dilu¬ 
tion, therefore, must be set with this in mind. Where the available 
dilution is small, the standards must include standards of sewage treat¬ 
ment. In the United States no general standards of efficiency of sewage 
disposal have been adopted as yet. There has been amassed, however, 
as a result of practical experience and research, certain information 
which will serve as a guide in problems of disposal by dilution. This 
information relates in particular to the following: 

1 . The prevention of offensive conditions 

2 . The safeguarding of water supplies 

3. The protection of bathing beach os 

4. The consev^ation of useful aquatic life 

In the British Isles, where rivers are small and their catchment areas 
are relatively densely populated, the Royal Commission fixed upon 
certain standards for sewages and sewage effluents which are outlined 
in Table 39. 


Table 39.— Standard.s for Sewaoes and Effluents Adopted by the 
Royal Commission on Sewage Disposal, 1912 



Required characteristics 
of sewage effluent 

Type of troatnierit that 
will satisfy the 
siandarils 

5-day B.O.D., 
18.3°C., 
p.p.m. 

Suspended 

solids, 

p.p.m. 

General standard 

^ 20 

^ 30 

Complete treatment 

Special standards where 
sewages are diluted 
with the following 
volumes of water 

160 to 300. 

1 _ 

^ 60 
^ 160 

Chemical precipitation 
Plain sedimentation 

No treatment required 

300 to 600. 

• Over 600. 




English sewages are fwo to four times as concentrated as American sewages. 
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Prevention of Offensive Conditions. —In the Htatemeiit of the dilution 
required for the prevention of offensive conditions, recourse coniinonly 
is taken in American practice to the investigations and expressed 
.opinions of recognized authorities in the field. The most important 
of these are briefed below. 

In 1887, Hering, Williams and Artingstall (15) recommended that 
the Chicago Drainage Canal be designed to provide 4 c.f.s. of lake 
water per 1000 persons. In the adopted design this value was later 
reduced to 3.33, a figure that experience showed to be too low, owing in 
part, at least, to the fact that the population-equivalent of the industrial 
wastes was not considered and sludge deposits made large demands upon 
the diluting waters. 

After an investigation for the Massachusetts vStatc Board of Health, 
Stearns (16), then (1890) its Chief Engineer, concluded that if the flow 
is less than 23^2 c.f.s. per 1000 inhabitants, an offense would be almost 
sure to arise.^ With larger volumes than 7 c.f.s. per 1000 inhabitants, 
the ix)llution would be too small to cause any offensive conditions. 

In 1897 the Ohio State Board of Health had an investigation of the 
condition of certain Ohio rivers made under the direction of Hazen (17). 
Ill discussing the results he stated that in the case of sluggish streams, 
or streams the waters of which are already polluted to some extent, 
the quantity recpiired for adccpiate dilution may become 6, 8 or even 
10 c.f.s. per 1000 population. 

In 1902 another investigation was made for the Massachusetts 
State Board of Health by Ooodnougli (18), who succeeded Stearns as 
C'hief Engineer of the Board. He narrowed the range of dilution fixed 
by Stearns and summarized the results as showing that, where the 
(luantity of water available for the dilution of the sewage in a stream 
exceeds 6 c.f.s. per 1000 persons contributing sewage, objectionable 
conditions are unlikely to result. Where sewage is discharged at many 
outlets into a large body of water he thought that objectionable condi¬ 
tions might not result from somewhat less dilution than that named. 
In every case where the flow was less than 3.5 c.f.s. per 1000 persons 
objectionable conditions had resulted. 

In 1902, in a letter to the Committee on Charles River Dam, Ciood- 
nough (19) made the following statement: 

The degree of dilution which has been found necessary to prevent unsani¬ 
tary conditions where sewage is discharged into a stream, assuming 75 gal. 
of sewage per person, ranges between 20 to 1 and 60 to 1. In estimating the 
degree of dilution of the sewage, no acc’-ount has been taken of the purifying 
effect of the water of the basin itself. 

i Stearns estimated that each person contributed to sewage daily an average of 0.016 lb. 
free ammonia, 0.003 lb. albuminoid ammonia, 0.218 lb. dissolved solids and 0.042 lb. 
ohlorine. 
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J. Herbert Shedd (19) testified in 1902 before the Committee on 
Charles River Dam that about 5 c.f.s. of the ordinary flow of the river, 
per 1000 persons contributing sewage, would render the presence of 
the sewage unobjectionable. 

In 1908 and 1913 Goodnough made for the Massachusetts State Board 
of Health investigations of the condition of the Merrimack River, the 
results appearing in special reports. The condition of other rivers was 
examined, to obtain corroborative evidence regarding pollution, and it 
was found that wherever the dilution was 3.4 c.f.s. or less per 1000 per¬ 
sons objectionable conditions followed. Where serious pollution was 
observed with higher rates of dilution, such conditions were usually 
due to the discharge of large quantities of industrial wastes into the 
stream. 

The Metropolitan Sewerage Commission of New York estimated 
in its 1910 report that the sewage discharged into New York Harbor 
diluted with 32 parts of water and that this ratio would become 
1 to 13 about 1940. The flow of diluting water in the harbor was 
estimated at 4.7 c.f.s. per 1000 population, which would be reduced 
to 2.65 c.f.s. in 1940. 

A chronological summary of conclusions of authorities on the necessary 
dilution of sewage, compiled in 1925 by the Engineering Board of 
Review of the Sanitary District of Chicago (20), is presented in Table 40. 

Dilution factors of 3.5 to 6 c.f.s. per 1000 persons are used as common 
guides by engineers. They represent at best rough measures of the 
degree of dilution required and must be modified by considerations of 
prior pollution, industrial wastes, sludge deposits and successive increase 
in pollution or dilution. The American equivalent of the dilution 
ratio of 500:1, suggested for raw sewage by the Royal Commission, 
corresponds to a flow of 27 c.f.s. per 1000 population. This standard 
e\ddently takes into account a relatively intensive use of the streams by 
successive municipalities and industrial establishments. 

As more is learned about the re-aeration characteristics of different 
bodies of water, it will become possible to interpret and estimate more 
closely the requirements of dilution for treated or untreated sewage 
that will prevent offensive conditions. The studies of the Public 
Health Service on oxygen demand and supply, described in Chap. VII, 
have laid the foundation for this approach to the problem. The 
principles expounded have been employed with marked success by 
the Engineering Board of Review of the Sanitary District of Chicago (20) 
in formulating opinions as to the probable future condition of the waters 
receiving the sewage of the district. 

Studies of Chicago Board of Review.—The comprehensive studies 
by the Chicago Board of Review (20) of the disposal by dilution in the 
Illinois River system of the sewage and industrial wastes of the Sanitary 
District include both studies of the present and future oxygen demand 
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of the waste materials, liquid, suspended and deposited, with and with¬ 
out treatment, and studies of the present and future quantities of. avail¬ 
able oxygen supplied by the diluting waters, notably water drawn from 
Lake Michigan, by re-aeration, and by effluents from treatment works. 
Basic information was obtained by determinations of the B.O.l). 
of the wastes, the oxygen supplied by the diluting waters and the 
B.O.D. of these waters, and from re-aeration studies of the river system, 
made by the Public Health Service in 1921 and 1922. 

B.O.D. of Wastes .—Analyses of sewage at the 39th Street pumping 
station during 1914 yielded a first-stage B.O.D. value of 0.24 lb. i)er 
capita daily for raw sewage and this value was adopted as a reasonable 
one after comparison with results obtained at other places. The correc¬ 
tion for dissolved oxygen contained in the sewage at this station during 
February, 1922, near the maximum therefor, was equivahmt to less 
than 0.01 lb. per capita daily and was considered to lie within the 
accuracy of the estimated B.O.D. value. Analysis of stockyards 
wastes made during 1917 showed a B.O.D. population equivalent of 
1,100,000 persons. 

With this information and population studies as a basis, the oxygen- 
demand loads of Chicago sewage and industrial wastes, shown in 
Table 41.—Oxygen-demand Loads of (hiiCAGO Sewage and Industhial 
Wastes in 1920, 1930, 1915 and 1955 



1920 

1 

1930 

1945 

1955 

Population: 

Human. 

3,000,000 

3,710,000 

4.785,000 

5,500,000 

Industrial ecpiivalent. 

1.500,000 

1,700,000 

2,000,000 

2,200,000 

Total. 

4,500,000 

5,410.000 

0,785,000 

7,700,000 

Gross oxygen demand of raw 
sewage, lb. daily: 





Human. 

720,000 

890,000 

1,150,000 

1,320,000 

Industrial equivalent. 

360,000 

410,000 

480,000 

530,000 

Total. 

1,080,000 

1,300,000 

1,630,000 

1,850,000 

Gross oxygen demand of sewage 
as discharged, lb. daily: 

1 




Untreated sewage. 

1,080,000 

651,600 

None 

None 

Tank treatment only. 

None 

40,000 

501,000 

None 

Complete treatment. 

None 

51,600 

75,300 

216,600 

Total. 

1,080,000 

743,200 

576,300 

216,600 

Oxygen available in effluents, 
lb. daily: 





Dissolved oxygen. 


11,500 

29,000 

40.500 

18,900 

46,700 

64,600 

67,200 

160,400 

217,600 

None 

Nitrite and nitrate oxygen. ., 


Total. 


Net oxygen demand—lb. daily 


702,700 

611,700 


















Table 42. —Relation between Treatment Works and Oxygen-demand Loads of Chicago Sewage and Industrial 

Wastes in 1930, 1945 and 195^ 
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* Artivated-slud^e treatment, 
t Trickling filters. 
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Table 41, were obtained for the years 1920, 1930, 1945 and 1965, con¬ 
sideration being given to the reduction in B.O.D. by contemplated 
treatment plants and the oxygen available in the effluents of these 
works. The information utilized in arriving at the estimates of the 
effect of treatment is shown in Table 42. Imhoff-tank treatment was 
estimated to reduce the oxygen demand by 33 per cent, so that the 
oxygen demand of Imhoff tank effluent was set at 0.16 lb. per capita 
daily. The oxygen demand of the effluent from complete treatment 
works, as shown in Table 42, was estimated to vary somewhat according 



Flo. 36.—Oxygon demand of untreated sewage, Imhoff tank effluent and effluents 
from trickling filters and activated-sludge treatment at 23®C. 


to tho strength of the sewage or industrial wastes treated. The general 
shape of the oxygen-demand curves assumed for untreated, settled and 
oxidized sewage in relation to time is shown in Fig. 36 for a temperature 
of 23°C., the prevailing summer temperature of the canal system. 

The oxygen demand of sludge deposits was computed froijri observa¬ 
tions made by the Public Health Service during 1921 and 1922, along 
different stretches of the river system, including relatively clean bottoms 
and bottoms with appreciable sludge deposits. For the relatively clean 
Stretch from Ottawa to La Salle (see Fig. 37), for example, the gross 
rate of re-aeration during July, 1922, was found to be 2.8 lb. daily 
per 1000 sq. ft., of water surface. Applying this rate to the entire 
stretch between Brandon^s Bridge and Chillicothe, the total oxygen 
demand exerted by sludge deposits during July was computed as follows: 


Area of water surface in thousand sq. ft. 422,170 

Gross re-aeration, lb. daily (422,170 X 2.8). 1,180,000 

Observed improvement in oxygen balance, lb. daily (difference 

between dissolved-oxygen content and B.O.D.). 275,800 


Total oxygen demand exerted by sludge deposits, lb. daily. 904,200 

Total oxygen demand exerted by sludge deposits, lb. daily per 
cap. (tributary population and industrial waste equivalent 
estimated at 4,4^,000). 0.203 
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Fig. J57. —Map of Dcs Plaines—Illinois River. 
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In a similar manner the total oxygen demajid exerted by the sludge 
deposits in pounds daily per c£^pit^ was fouiyd' to be 0.077 above Lock- 
port, 0.154 between Brandon^a and Ottawa and 0.051 between 

La Salle and Chillicothe, a total of 0.282 lb. daily per capita, or more 
than the estimated 20-day B.O.D. of the sewage, namely, 0.24 lb. daily 
per capita. Since sedimentation in the differcr t river stretches removes 
the settling solids from the flowing waters, allowance was made for the 
resulting reduction in B.O.D. by assuming that the average time of flow 
of the solids and with it the B.O.D. exerted before deposition is one 
half the time of flow for the particular river stretch under consideration. 
The B.O.D. of the settling solids, being considered as equal to 35 per 
cent of the total B.O.D., is equivalent to X 100, or 54 per cent, of 
the B.O.D. exerted by the nonsettleable or liquid portion of the sewage. 

With these estimates as a basis it was possible to compute the oxygen 
demands of the untreated sewage, made up of the nonsettleable or liquid 
portion, the flowing solids prior to deposition and the sludge deposits, 
including gas-lifted solids, together with the demand of the sewage 
subjected to tank treatment only and to complete treatment. The 
computations for arriving at the oxygen demand of the flowing solids 


Table 43.— Computation op Oxygen Demand of Flowing Solids in 
(/R iTicAL River Stretches for 1930 



Above 

Lockport 

Brandon’s 
Bridge 
to Ottawa 

La Salle 
to Chilli- 
coth(‘ 

Estimated B.O.D. of sludge de¬ 
posits from observations, lb. 

daily per capita. 

Per cent of total B.O.D. of sludge 
deposits (total = 0.282 lb. 
daily per capita). 

0.077 

27 

0.154 

55 

0.051 

18 


Above Lockport 

lx)ckport to 
Starved Rock 

B.O.D. reduction by settling of 
flowing solids, in terms of 
B.O.D. of liquid portion of 
sewage. 

27 

~ X 0.54 - 

cent 

7.3 per 

55 4- 18 

—X 0.54 = 

19.7 per cent 

B.O.D. of flowing solids. 

+66 + is) X 

J « X 0.54 = 


0.64 = 47 per cent 

: 19.7 per cent 


Note: Computationaare approximate. A more accurate method is given in an addendum 
to the Report of the Board o^ Review. 
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are summarized in Table 43 for the year 1930. It was assumed that the 
proportion of settleable solids in the untreated sewage that would settle 
above Lockport was the same as the proportion of the total oxygen 
demand exerted by sludge deposits which would be exerted above 
Lockport and that the remainder of the settleable solids would all settle 
between Lockport and Starved Rock, on account of construction of 
proposed navigation dams. In 1945 and 1955, according to the program 
of construction, no sewage is to be discharged untreated and it was 
assumed that no sludge deposits would occur, although some solids will 
be discharged through storm overflows and in treatment-plant effluents. 

Oxygen Supply .—The sources of oxygen supply in the canal system 
and Des Plaines-Illinois River are: dissolved oxygen in water drawn 
from Lake Michigan; dissolve d oxygen in effluents from complete treat¬ 
ment; available oxygen in form of nitrites and nitrates in effluents from 
complete treatment; oxygen absorbed by atmospheric re-aeration; 
(lisSolved oxygen from tributary streams; and oxygen absorbed by 
biological re-aeration. 

Of these sources, biological re-aeration was not considered in the 
(‘stimates, because it is too uncertain a factor with present knowledge. 
Nitrite and nitrate oxygen, which are relatively small .in quantity and 
which are drawn upon only after the dissolved oxygen of the water is 
substantially exhausted, were considered factors of safety against 
putrefaction. Although the tributary streams above Chillicothe furnish 
large supplies of dissolved oxygen during months of high stream flow 
in the winter and spring, they have little or no available dissolved 
oxygen during the critical summer period. 

The dissolved-oxygcn content of Lake Michigan water was placed at 
S p.p.m. in summer and 13 p.p.in. in winter, on the basis of analyses 
made from 1921 to 1923 at the 39th Street pumping station. The 
critical value of 8 p.p.m. is equivalent to 43.2 lb. of oxygen daily per 
cubic foot of lake water jjer second. Estimates of dissolved oxygen in 
effluents have been given in Table 42. Rates of re-aeration w'ere esti¬ 
mated for different river stretches, based upon the Public Health Service 
investigations for July and August, 1922. These estimated rates at 
zero dissolved oxygen, or complete dissolved-oxygen saturation defi¬ 
ciency, are as follows: 


Pounds of Oxy¬ 
gen Daily per 
1000 Sq. Ft. of 
Water Surface 

Canal system above Lockport.. 2 

lockport to Brandon's Bridge. 10 

Brandon's Bridge to Starved Hock. 4 

Starved Rock to Chillicothe. 2 
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Table 44. —Estimate of Residual Dissolved Oxygen at Lockport in 
1930, When 10,000 C.F.S. of Water Are Drawn from Lake 
Michigan, to Dilute a Flow op 1400 C.F.S. op Sewage 


Time of flow, days. 0.97 

Oxygen absorbed from air, lb. daily per 1000 sq. ft. of water surface. 2.16 

Unoorreoted B.O.D. of sludge deposits, lb. daily per capita. 0.077 

Per cent of settleable solids deposited. 27 

B.O.D. red iction by settling of flowing solids, in terms of B.O.D. of liquid, per cent 7.3 
B.O.D. of liquid, lb. daily per capita 

West Side. 0.036 

Southwest Side. 0.028 

Miscellaneous. 0.019 

B.O.D. of settled solids, lb. daily per capita 


West Side. 0.036 X 0.073 ** 0.003 

Southwest Side. 0.028 X 0.073 = 0.002 

Miscellaneous. 0.019 X 0.073 = 0.001 


Accumulative total B.O.D., lb. daily per capita 


West Side. 0.003 -f 0.077 = 0.080 

Southwest Side. 0.002 + 0.077 = 0.079 

Miscellaneous. 0.001 + 0.077 = 0.078 




Oxygen demand exerted 


of flow, 
days 

Pounds 
daily per 
capita 

Total 

pounds 

daily 

North Side. 

1 8:1 

0.011 

9,130 

West Side. 

1.00 

Liquid. 

0.036 

55.800 

26,350 

124,000 

Flowing solids. 


0.017 

Sludge deposits. 


0.080 

Southwest Side. 

0.8 

Liquid. 

0.028 

29,820 

13,846 

Flowing solids. 


0.013 

Sludge deposits. 


0.079 

84,135 

2,200 

400 

Packingtown. . 

0.8 

0.002 

Com Products. 

0.5 

0.001 

Calumet. 

0.8 

0.028 

‘ 7,000 

Miscellaneous. 

0.5 

Liquid. 

0.019 

2,045 

1,395 
12,090 

Flowing solids. 


0.009 

.. Sludge deposits. 


0.078 



Total oxygen demand exerted. 



369,110 

1 6.0 

Equivalent oxygen demand in p.p.m., based on total 
flow. 


. 


Dissolved oxygen of lake water, p.p.m. 8.16 

Dissolved oxygen of lake water and sewage, p.p.m. 7.16 

Additional dissolved oxygen from treatment-works effluent (11,500 lb.), p.p.m... 0.19 

Initial dissolved oxygen of total flow, p.p.m. 7.35 

Oxygen demand in stretch, p.p.m. 6.0 

Residual dissolved oxygen, neglecting re-aeration, p.p.m. 1.35 

Average dissolved oxygen in stretch, including reaeration, by trial, p.p.m. 4.79 

Average dissolved-oxygen saturation deficiency, p.p.m. (saturation = 8.7 p.p.m.) 3.91 

Rate of re-aeration at sero dissolved oxygen, lb. daily per 1000 sq. ft. 2.16 

Corresponding re-aeration for 66,200 thousand sq. ft., lb. daily. 121,500 

Corresponding re-aeration, p.p.m. at zero dimolved oxygen. 1.97 

Re-aeration at average diesolved-oxygen saturation deficiency, p.p.m. 0.88 

Residual dissolved oxygen at Lockport, p.p.m. 2.23 
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In computations for future conditions, allowances were made for 
reduction in rates of re-aeration by dam construction as well as increase 
in these rates by enlarged water surfaces. The rates of re-aeration for 
different stretches and flows were assumed to be directly proportional to 
the velocities and inversely proportional to the times of flow. Starting 
with these rates at zero dissolved oxygen for the different stretches, 
the corresponding rates of re-aeration were determined for the times of 
flow with different quantities of water drawn from Lake Michigan and 
the total re-aeration was computed for each stretch. 

Oxygen Balance .—The arithmetical method employed in estimating 
the oxygen balance for different years and varying quantities of lake 
water is exemplified for the year 1930 and the canal system above 



Fia. 38.—Estimated dissolved-oxygeii supply and oxygen demand in eaiuii 
system and Des Plaines-Illinois River in summer of 1930, with assumed flow 
of 11,400 c.f.s. of lake water arid sewage at Lockport. 


Lockport in Table 44, for a flow of 11,4(K) c.f.s. of lake water and sewage 
at Lockport. The principles of deoxygenation and re-aeration dis¬ 
cussed in Chaps. Ill and VII were employed. 

The estimates arrived at for the canal system in the summer of 1930, 
with a flow of 11,400 c.f.s. at Lockport, are shown graphically in Fig. 38, 
together with estimates for the remaining river stretches within the 
critical zone. 

Safeguarding of Water Supplies. —In 1914 the International Joint 
Commission on the Pollution of Boundary Waters between the United 
States and Canada concluded among other things that, in general, 
protection of public water supplies is secured more economically by 
water purification at the intake than by sewage treatment at the sewer 
outlet, but that under certain conditions both water purification and 
sewage treatment may be necessary, The Commission w^as unwilling 
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to fix more than a tentative standard of 600 B. coli per 100 cc. of water 
as the limit of safe loading? of water-purification plants. Studies by 
Streeter of the United States Public Health Service have since yielded 
valuable information on the permissible loading of water purification 
plants drawing upon polluted sources of water (21, 22). Using bacterio¬ 
logical standards, it was found that the purification accomplished could 
be expressed by the following formula: 

E = CR- 

where E = effluent count or B, coli index 

R = raw-water count or B. coli index 
C and n = purification constants, C measuring the magnitude 
of efficiency and n the relative constancy in 
bacterial quality. 

The numerical values of C and n for B. coli were found to be 0.15 and 
0.22, respectively, for the chlorinated effluent of 10 Ohio River plants 
studied in 1923-1924: East Liverpool, Steubenville, Ironton, Ports¬ 
mouth and Cincinnati, Ohio, Huntington, W. Va., Ashland, Ix)uisville 
and Henderson, Ky., and Iwansville, Ind. If these values are sub¬ 
stituted in the above formula, the permissible number of B. coli in the 
raw water is found to be 5000 per 100 cc. in order that purified, chlori¬ 
nated water may meet the revised ^‘Treasury Standards’^ of 1 per 
100 cc. 

The revised Treasury Department B. coli standard, adopted in 1925 
and described in Public Health Reports, contains the following limiting 
provisions relative to the B. coli content of drinking waters served to 
the public by interstate carriers (23): 

1. Of all the standard (10 cubic centimeter) portions examined in con¬ 
formance, with a prescribed procedure, not more than 10 per cent shall show 
the presence of organisms of the B. coli group. 

2. Occasionally 3 or more of the 5 equal (10 cubic centimeter) portions 
constituting a single standard sample may show the presence of B. coli. 
This shall not be allowable if it occurs in more than (a) 5 per cent of the 
standard samples when 20 or more have betui examined; (b) 1 standard sam¬ 
ple when less than 20 sainj)les have been examined. 

Expressed in terms of the B. coli index, the limiting average density 
of B, coli prescribed by the revised standard is 1 per 100 cc., with 
occasional variations such that a B. coli index of 6 per 100 cc. may be 
exceeded with a frequency not greater than 5 per cent. • 

The limiting load consistent with producing tinchlorinated effluents 
meeting the same standard was found to be roughly 60 B. coli per 100 cc., 
basing this figure on the |)erformance of three of the plants, showing a 
higher order of efficiency in this respect than the remaining plants of 
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the group from which observations were available. Results secured 

from seven other, widely scattered plants in the East and Middle West. 

Albany, Elmira and Niagara Falls, N. Y., New Milford, N. J., Chester, 
Pa., and Toledo and Youngstown, Ohkj—confirmed in a general way 
those obtained from observations on the Ohio River plants. For 
highly elaborated plants including double-stage treatment, such as 
double-stage sedimentation or double filtration, the raw-wtJter B. colt 
maximum was found to range as high as 50,000 or more })er 100 cc. 
Subsequent studies made during the year 1926 on LS Great Lakes plants 
—Ashtabula, Cleveland, Ix)rain, Elyria and Sandusky, Ohio, Monroe, 
Wyandotte, Detroit and Bay C"ity, Midi., East (Chicago and Whiting, 
Ind., and Evanston and Whinetka. III.—showed that the average Great 
Lakes plant, though nearly as efficient from the standpoint of bacterial 
reduction, when aided by ciilorination, as the overage Ohio River plant, 
is decidedly less efficient from the same standpoint, when unaided by 
chlorination. The raw-water B. coli index consistent with the primary 
requirement of the re\'ised Treasury Department standard was 3300 
per 100 cc. for the average {ilant of the group and 4500 for the average 
plant of the more representative majority, when the eftect of chlorina¬ 
tion is included. Without tlie aid of chlorination the same standard 
was met by the average plant of the more representative majority from 
raw water having a B. coli index of 5 to 10 per 100 cc. and by a small 
minority of the plartts from raw water having a B. coli index of approxi¬ 
mately 60 per 100 cc. 

With the aid of the die-away curves of B. coli in polluted waters, it 
is possible to estimate the dilution and treatment of sewage required to 
safeguard water supply. This recpiires, however, a knowledge the 
stream characteristics, such as temperature, degree of pollution, time of 
flow and relative dilution. Water purification commonly is dispensed 
with in but relatively slightly polluted waters in which long periods of 
flow, high dilution or long storage permit self-purification to be carried 
to complete recovery. Even then chlorination of the water, or of both 
sewage and water, is sometimes practiced as an additional safeguard. 

Protection of Bathing Beaches. —Generally speaking, it would be 
ideal for the water of bathing beaches to approach drinking-water 
quality. The standard of bacterial quality of swimming-pool waters 
recommended by the Joint Committee on Swimming Pools and Other 
Public Bathing Places of the American Public Health Association and 
the Conference of State Sanitary Engineers (24) requires a 24-hr. 
37®C. agar count of not more than 100 bacteria per cubic centimeter 
in less than 10 per cent of samples covering any considerable period and 
of not more than 200 bacteria per cubic centimeter in any single sample; 
furthermore, essentially a B,coli index of not more than 4 per 100 cc. 
for any single sample or 3 per 100 cc. for two consecutive samples. 
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Relative* to bathing beaches, the committee is of the opinion that 

it is very desirable that the bathing waters at public bathing places on 
natural streams, lakes and tidal waters should be of the same standard of 
bacterial quality as is required for swimming pools. It is recognized, how¬ 
ever, that the strict application of swimming-pool water standards to all 
public bathing waters would probably not be practicable at present. Fur¬ 
thermore, since there is not now available any sufficient volume of data as 
to the quality of waters used for bathing, nor any sufficient record of 
the causation of disease by bathing in moderately polluted waters, your 
committee feels that any definite standard of bacterial quality which it 
might propose would be purely empirical. 

Disinfection of the waters in the vicinity of bathing beaches by means 
of chlorine apparatus on boats has been practiced at a number of places. 

Study at Rochester, N, F.—The sewage from nearly the entire area 
within the corporate limits of the city of Rochester, together with that 
from a portion of the town of Irondequoit, is treated by fine screens 
and by sedimentation in Imhoff tanks and the settled sewage is dis¬ 
charged into Lake Ontario through a submerged outlet in about 40 ft. of 
water and 7000 ft. from shore. The population served during 1928 was 
about 324,000 and the average sewage flow about 48 m.g.d., of which 
about 45.5 m.g.d. was passed through the Imhoff tanks. 

During the summer of 1929 the authors made a study of the sanitary 
condition of the waters of Rochester Bay in Lake Ontario, in the vicinity 
of the sewer outlet and of the bathing beaches. The location of the 
outlet with respect to the bathing beaches is shown in Fig. 39. Prac¬ 
tically all the sewage flow discharged through the outlet receives treat¬ 
ment in the Imhoff tanks, but occasionally a storm flow in excess of 
that which can be treated in the tanks has been by-passed and discharged 
with the settled sewage at the outlet. 

Among 19 samples of mud collected in Rochester Bay, only one gave 
definite evidence of being composed in substantial measure of sewage 
solids. This sample was collected within ^0 ft. of the outlet from a 
deposit about 1 ft. in depth. The sample contained 18 per cent of 
organic matter, as indicated by loss on ignition. A comparison of the 
material composing the deposit at the outlet with the bottom soil as 
disclosed by the other samples indicated that any substantial deposit 
of sewage solids that may have been discharged from the outfall is 
confined to a small area less than % mile in radius from the outlet, 
and that any sewage solids which may have been deposited outside this 
area have been dissipated by bottom currents to an extent which has 
rendered it impossible to detect them by any practicable method of 
sampling and analysis. Apparently the finely divided and light solids 
passing through the sedirnentation tanks have been promptly dispersed 
and it is reasortable to assume that they are utiUzed for the 
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limited to the immediate vicinity of the outlet and to the area close to 
the mouth of the Genesee River. 

During these investigations there were wide and frequent variations 
in the direction and intensity of the wind, which seldom persisted in 
the same direction and of the same intensity for more than a few hours. 
The effect of the wind appears to have been to set up currents in the 
water varying in direction and intensity according to the wind move¬ 
ments. This resulted in diffusion and dissipation of the sewage to such 
degree and to such extent that these investigations did not disclose a 
tendency for the sewage to travel in a well-defined path in any direction, 
either at the surface or on the bottom, although the general trend, 
indicated by bacterial examinations, was easterly, parallel to the shore. 

A consideration of all the evidence accumulated in this investigation 
indicated that bathing in the lake waters at the several beaches was 
not attended by any substantial hazard to health under the existing 
conditions. 

Conservation of Useful Aquatic Life.—Most food fish are sensitive to 
pollution, largely because they require the presence of a moderate 
quantity of dissolved oxygen in the water. 

This has been emphasized in arguments over the permissible pollution 
of New York Bay, where the dissolved oxygen should not be reduced 
below 70 per cent, according to Black and Phelps (25), in order that 
food fishes might continue to live in the waters. Fuller stated on this 
topic: . 

With respect to guarding against objectionable odors I think it is clearly 
necessary for the chemists and bacteriologists to keep in mind that putre¬ 
faction does not exist so long as oxygen remains at all. In fact you can go 
further than that, and say that so long as oxygen is available from^nitrates, 
nitrites, or other oxidized salts, there is substantially no putrefaction. 1 
am aware that that does not provide for one feature that may be of some 
importance, and that is the protection of major fish life. I ^believe, how¬ 
ever, that the European custom in many places is sound in indicating that 
30 per cent of the dissolved oxygen necessary for saturation provides a 
reasonable margin in the case of a majority of species of fish life of the 
larger kinds. Perhaps some may call for more, but so long as there is 30 per 
cent remaining at all places at all times, it is a matter of deduction from 
our well-established laws of biology and chemistry that there can be no 
putrefaction. The larger number of the principal rivers in this country 
serving as public water supplies do not contain as much as 70 per cent of 
the oxygen necessary for saturation. 

A somewhat different problem is that connected with the pollution 
of shellfish beds. Unlike fish, oysters and clams are often consumed raw 
and may therefore become vehicles of infection by harboring in their 
bodies pathogenic organisms ingestied from the waters in which they 
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abound. A number of epidemics of typhoid fever have been traced to 
contaminated shellfish. 

PYorn the idealistic standpoint, shellfish beds should be located in 
waters which meet the bacterial standards for drinking water. Experi¬ 
ence indicates, however, that such a standard is unnecessarily rigorous. 
In Massachusetts the rating of shellfish areas is based upon the results 
of sanitary survey, the B. coli content of the waters at the areas in ques¬ 
tion and the B. coli content of the shellfish. 

If oysters are relaid in clean water, they will quickly purge themselves 
of pollution. This offers a merns, as yet insufficiently explored, for 
utilizing oysters which originate in undesirable areas. Chlorination of 
oysters and clams after removal from their beds also seems to render 
them safe for consumption. The jiractice of bloating^ freshening or 
bleaching oysters by placing them in brackish water for a day or two 
appears to be regarded with disfavor. Too often the bloating is accom¬ 
plished in coves, bays or the mouths of streams which, being closer to 
shore than the oyster beds, are apt to be more heavily polluted. The 
bloating process should not be confused with the fattenmg process of 
transplanting oysters to clean beds in shallow water, rich in foodstuffs, 
chiefly algae. 


DILUTION WORKS 

Types of Dilution Works.—Several types of dilution works may be 
distinguished according to the nature of the waters into which sewage 
is to be turned, namely, river systems, large fresh-water lakes and tidal 
estuaries and the ocean. A fourth type of dilution works is one like 
the Chicago Drainage Canal project or the flushing-tunnel project 
employed at Milwaukee, Wis., in which a watercourse otherwise not 
adequate for dilution is rendered so by engineering means, such as canal 
construction or the provision of flushing sewers carrying diluting waters 
from other sources. The various factors that play a part in dilution 
works have already been discussed. 

Two other types of dilution works, briefly discussed in Chap. VI, 
are the discharge of settled sewage, diluted with clean water, into ponds 
in which fish and ducks are raised and the construction of reservoirs or 
artificial lakes, called ''river clarifying basins,” by which natural 
purification is aided. Both of these processes have been employed 
as yet only in Europe. 

The relative use in the United States of river, lake and ocean outfalls 
and land disposal systems is shown in Table 45, which summarizes the 
disposal methods of the 95 cities that had a population of more than 
100,000 in 1930. The values given are expressed in per cent of the total 
population of 36.45 million in the cities included. 
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Tablb 46. —UsB OP Various Types op Disposal Works in 1930 by Cities 
IN THE United States Having a Population in Excess op 

100,000 


Tributary to 

Percentage of total population 

Including as river 
outfalls all those 
discharging into 
rivers, even though 
close to lake or 

ocean 

Including as lake 
or ocean outfalls, 
those which 
discharge into 
rivers at short 
distances from 
lake or ocean 

River outfalls. 

74.2 

38.8 

Lake outfalls. 

9.2 

14.0 

Ocean outfalls. 

16.9 

46.6 

Irrigation works. 


0.7 


The design and construction features of a number of outfalls together 
with auxiliary structures, such as regulators, overflows, silt chambers and 
tide gates, are discussed in Chap, XVII of VoL I, 2d edition, of this 
work. There are described river outfalls at Minneapolis, Winnipeg, 
Louisville, New York and Washington, the lake outfall at Rochester and 
the ocean or tidal-estuary outfalls at Staten Island and Brooklyn. 
For this reason the succeeding portion of this chapter merely extends or 
amplifles by further examples American practice in the disposal of 
sewage by dilution, with special reference to the results obtained in 
the control of pollution. ‘ 

River and Lake Outfalls.—If sewage is discharged into a stream which 
flows rapidly at all times, the outlet need not be submerged, provided 
the sewage passes into the stream at a point where it is certain to be 
carried away quickly and at the same time thoroughly mixed with the 
river water. However, the outlet should be situated so that the sewage 
will not follow the bank for a long distance. By a study of the variar 
tions in river stage it is possible to locate the outlet so that the sewage 
will always be discharged directly into water and will not pass over 
the river bottom exposed by low water. 

Cities situated on the Great Lakes and other large inland lakes are 
commonly dependent upon these waters both for their water supply 
and for the disposal of their sewage. The location of outfalls, therefore, 
must be investigated with particular care in relation to water-works 
intakes. Bathing beaches and shore fronts, too, must be protected 
against pollution.» In order to disperse the sewage thoroughly through 
a large volume of water before it can rise to the surface, lake outfalb 
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usually arc submerged to a considerable depth and often extend long 
distances from the shore. At Rochester, N. Y., for example, a 66-in. 
steel outfall sewer, laid in Lake Ontario, terminates in a timber crib, 
7000 ft. from shore in 50 ft. of water, the sewage discharging 10 ft. above 
the bottom. 

WoLshington^ D. C.—An outlet was located after careful 

study of currents at Washington, D. C., which had a population 



Fig. 40. —^Location of the Washington sewer outlet. 


of 485,716 in 1030. The sewage is discharged into the Potomac 
River at a point where it is subject to tidal influence (Fig. 40). 
In the study of the currents by Hering, Gray and Stearns 
in 1889, floats were considered of slight value, for observations 
could not be made at the lowest stages of the river and the floats fre¬ 
quently stranded, unless made so shallow as to be affected greatly by 
the wind. Reliance was placed on calculations based on the flow of 
the river and the tidal fluctuation, employing what is known as the 
‘‘piston method,” in which the total quantity of water moving up or 























224 


AMERICAN SEWERAGE PRACTICE 


down stream during each tide is figured. The outlet was located at a 
point where it was considered that sewage never would be swept back 
to the city and would pass but seldom into the Eastern Branch or 
Anacostia River. 

The outlet is located in midchannel of the Potomac River, opposite 
Grimes, the channel at this point being close to the east bank. The 
outlet extends 700 ft. from shore and discharges in about 25 ft. of water. 
There are two 60-in. cast-iron pipes terminating in upturned elbows. 
The cost of the outlet pipes was about $40,000, including about $5000 
for inspection. Construction was completed in 1907. 

Cleveland .—The sewage of the city of Cleveland is treated at three 
plants, the Easterly providing for about 50 per cent of the population, 
the Westerly for about 30 per cent and the Southerly for about 20 per 
cent. The effluents from the Easterly and Westerly plants are dis¬ 
charged through submerged outfalls into Lake Erie (see Vol. I, Fig. 2). 
The sewage from the Easterly plant, completed in 1921, is passed 
through racks and grit chambers designed to serve a population of 
575,000.^ The Westerly plant, designed to serve 288,000 persons, was 
(Completed in 1920. It provides treatment by racks, grit chambers 
and Imhoff tanks. 

After flowing through the Easterly treatment plant the sewage is 
discharged through two outfalls, a 63-in. riveted-steel pipe and an 84-in. 
reinforced-concrete pipe. The steel outfall, placed in operation in 
1912, discharges through a single outlet, consisting of an upturned 
elbow, into about 25 ft. of water at a distance of approximately H mile 
from shore. The capacity of this outfall is estimated at 85 m.g.d. 
when operating under 6>^ ft. of static head. 

The concrete outfall, completed in 1918, was laid in a trench parallel 
to, and about 150 ft. distant from, the steel pipe. The total length 
of the concrete outfall is 3200 ft., of which the last 1000 ft. consist of a 
section tapering from 84 to 48 in. in diameter, fitted with multiple 
outlets. The sewage is discharged through 150 8-in. openings staggered 
on 6K-ft. centers, the axes of the openings being inclined 45 deg. from 
the horizontal. The depth beneath the water surface of the several 
points of discharge averages 30 ft. The capacity of this outfall is 
estimated at 145 m.g.d. when operating under 5 ft. of static head. 

The settled sewage from the Westerly treatment plant is discharged 
through a concrete and steel pipe, 3600 ft. long, equipped with multiple 
outlets. This outfall, installed in 1916, consists of 400 ft. of 72-in. 
concrete pipe at the shore end, 2200 ft. of 60-in. riveted-steel pipe and 


> A sedimentation, activated-sludge plant is under construction at the Easterly site, 
deeigned to serve a population of 770,000 with a dry-weather flow of 123 m.g.d. The work 
is being planned to provide treatment for^iS per cent of the sewage from the Easterly district 
by the end of the year 1036. 



a.—Map showing locations of outfalls* 
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1000 ft. of steel pipe tapering gradually from 60 to 24 in. in diameter. 
Along the tapered section are openings 6% in. in diameter, staggered 
on 7H“ft. centers. The pipe terminates in a cast-iron flap gate, so 
weighted as to insure maximum use of the multiple outlets under all 
conditions of flow. The average depth of the openings beneath the 
water surface is approximately 30 ft. The capacity of the outfall is 
estimated at 85 m.g.d. when operating under 11 ft. of static head. 

The Easterly outlets are about 8 miles from the Cleveland water¬ 
works intake and the Westerly outlet is less than 4 miles from the 
intake. Referring to conditions which obtained previous to the con¬ 
struction of the sewage-treatment plants, Gascoigne and Havens (27) 
state that on a clear day the discoloration of the lake water about the 
Easterly steel outlet could be seen easily from shore. The discoloration 
occupied an area about one half mile in width and from 2 to 3 miles in 
length, gradually diminishing in intensity toward the limits of this 
area. While the area about the Westerly multiple outlet appeared more 
turbid than the surrounding lake water, this sewage field ordinarily 
could not be noticed from shore. 

Outfalls in Tidal Estuaries or the Ocean.—As in the case of lake 
outfalls, experience with the discharge of sewage in tidal waters has 
shown that the outlet should be at a considerable depth, in order to 
disperse the sewage through as large a volume of water as possible before 
it nses to the surface. Not only do the large solids in sewage present 
an offensive appearance if they float on the surface, but the greasy 
substances cover the surface with a film or sleekwhich, although 
not necessarily an indication of putrescible organic matter, is yet 
unsightly and likely to be the cause of complaint against the disposal of 
the sewage in this way. These undesirable conditions are reduced 
materially when the sewage is discharged in depths of 25 ft. or more. 

Metropolitan Boston .—The development which has taken place in 
the design of ocean outfalls is illustrated by the three disposal systems 
of metropolitan Boston, shown in Fig. 41. 

The first large outfall sewer which was built to discharge into Boston 
Harbor has its outlet near Moon Island, where float observations have shown 
that the average velocity of the ebb tide is 0.74 mile per hour and that the 
floats travel about 4 miles seaward during the whole ebb tide. The sewage 
is stored in tanks on the island and discharged during ebb tide. Experi¬ 
ments show that when 22 million gal. of sewage arc discharged in 45 min., 
about 760 acres of harbor surface are plainly discolored on a comparatively 
calm day and an objectionable appearance is presented by two thirds of 
this area, although offensive odors arise from but a relatively small portion 
of it. Suspended matter is sometimes seen 13^ miles from the outlet, and 
sleek is occasionally observed at still greater distances. Generally speaking, 
the upper 2 to 3 hi. of the sewage-covered area contain much the greater 
percentage of the sewage. The conditions described last for 2 to 3 hr., 



SEWAGE DISPOSAL BY DILUTION 


227 


depending largely on action of waves. In 1929 the average daily quantity 
discharged at this outfall was 109 million gal. 

The second large outfall sewer discharging into the harbor had its outlet 
originally near Deer Island Light, but a few feet below the surface and near 
the edge of the main ship channel. The sewage was discharged continuously 
and discolored the water over an area of 350 acres on ebb tide and for a dis¬ 
tance oi 114 niilcs from the outlet, although sleek was sometimes observed 
farther out on calm days. In 1916 this outfall wa.‘’ extended 315 ft. farther 
out toward the ship channel, discharging through 14 openings, the deepest 
being at a considerably greater depth than the discharge end of the original 
outfall. Of the multiple openings the outermost is 48 in. in diameter and 
the others are elliptical, varying from 25 by 44 to 13 by 23 in. A typical 
outlet pipe is shown in Fig. 42. This outfall discharged an average of 
85 m.g.d. during 1929. 

The third large outfall sewer has its outlet iiiiar Peddocks Island at a 
depth of 24 ft. at low tide, where about 64 m.g.d. of sewage are discharged 
contiguously. The sewage is diluted so 
quickly by the sea water that the percentage 
of sewage in the surface water directly above 
the outlet is relatively small. That a con¬ 
siderable quantity of sewage from this outlet — 
does come to the surface, however, is indicated 
by an experiment performed by the authors 

in 1911. Two pounds of aniline dye, eosin, „ a., m i • 

were mixed with water and introduced into Island outfall, 

the sewer at the shore end of the outfall. On 

proceeding to the vicinity of the outlet the colored sewage could b(» seen 
rising with considerable velocity and spreading out over an area of many 
acres. This experiment was performed during a heavy wind and rain 
storm. 

Passaic Valley Sewerage System .— ^Tlie use of multiple outlets has 
found its greatest development in the outfall of the Passaic Valley 
sewerage system in New York Harbor. The arrangement of this outfall, 
together with the special nozzle used to insure thorough mixing of the 
sewage with the harbor water, is shown in Fig. 43. There are 150 
nozzles or diffusers which are designed in such a way that the sewage 
leaves the periphery of the nozzle in a thin ribbon with a whirling out¬ 
ward motion. The nozzle.s are distributed over an area of about 
3 acres and are situated at a depth of 40 ft. or more below mean low 
water. The outfall was placed in commission in 1924 and is designed 
to serve 1,600,000 people in communities along the Passaic Valley in 
New Jersey. Before being discharged into the harbor, the sewage is 
passed through racks, grit chambers and sedimentation tanks. 

The Passaic Valley Sewerage commissioners have entered into 
an agreement with the United States Government, to the effect that 
the Passaic Valley sewage will not cause visible suspended particles 
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or objectionable deposits in New York Bay; that the sewage will not 
cause odors in the bay or its vicinity, due to the putrefaction of organic 
matter; that it will cause practically no grease or color on the surface 
of the bay; and that the dissolved-oxygen content of the waters of the 
bay will not be reduced to such an extent as to interfere with major 
fish life, as a result of the discharge of Passaic Valley sewage. 

Los Angeles^ Cal .—A large part of the sewage of Los Angeles, about 
109 m.g.(l. in 1930, is discharged into the ocean at Hyperion, after 
passing through fine screens, installed principally for the protection of 
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Fiq. 43.—Passaic Valley outfall in New York Harbor. 


bathing beaches. There are two outfall sewers, known as the North 
outfall and Central outfall, respectively. 

According to Knowlton (28), the Central outfall, built in 1918, 
extends into the ocean for a distance of approximately 2000 ft. from 
shore. This sewer consists of a 52-in. wood-stave pipe, laid below the 
floor of a pier. The floor and pipe are practically level, having a fall 
of only 1 ft. in the entire length. At the outer end of the pief the average 
depth of the ocean is about 30 ft. and sewage is discharged at this end 
through five outlets, each extending 18 ft. below mean sea level. 

The North outfall was constMcted in 1924 when the screening plant 
was installed. It consists .of a reinforced-concrete pipe sewer, 7 ft. 
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in diameter, laid below tlie bottom of the ocean for a distance of 5093 ft. 
from shore, to a point where the depth is 54 ft. below mean sea level. 
The joints of the pipe are caulked with lead wool and covered with 
concrete. The outer end of the 7-ft. outfall is divided into two 5-ft. 
branches, which have an average length of 210 ft. from their junction 
with the 7-ft. sewer. ^ 

During the year ending June 30, 1930, according to the Annual 
Ueport of the Los Angeles Board of Public Works, 1714 samples of surf 
waters were collected for bacteriological tt^sts from 11 stations along 
the beach near the Hyi)crion screening plant. Collection of samples 
was made on about 13 days a month at each station. The number of 
B. coll in these samples indicates a pollution that makes the Hyperion 
Beach unsatisfactory for sea bathing. The report concludes that the 
increasing discharge of sewage into the ocean indicates that further 
treatment of the sewage is required to render bathing safe at all 
tim(^. Two ocean surveys which were made during the year show that 
at the time of maximum discharge the area of the sewage field at 
Hyi)erion averages 0 acres per m.g.d. of sewage Within this 

field theu’c is said to be no noticeable odor. 

Mificallaneous Outfalls in Tidal Waters of Massachusetts .—Table 4G 
(H)ntains data pertaining to certain sewer outfalls which discharge into 
the tidal waters of Massachusetts. Each of the examples given con¬ 
sists of a cast-iron pipe with a single outlet. 


Table 40.— Examples ok Sewer Outfalls Discuauoinq into the Tidal 
Waters of Massachusetts 






Sout h 



(jlouc'ester 

Lynn 

New 

Bedford 

Essex 

.sewerage 

district 

Swamp- 

scott 

Date of construction . 

1927 

1928 

1913 

1928 

1903 


24, (K)0 

102,000 

113.000 

102.000 

10,000 

AveraRC flow of sewaRo, in.R.d.. 

1 .2 

14.2 

Diameter of outfall, in. 

24 

oO 

60 

54 

18 

Material of coUHtruction. 

(\‘ist iron 

Cast iron 

Cast iron 

Cast iron i 

Cast iron 

Length of outfall, ft. 

5.950 

15.240 

3.300 

8,300 

3,050 

Depth of outlet below mean low 

water, ft. 

3.3 

30 

30 

30 

50 

Nature of outlet. 

45° bend 

30° bend 

U pturned 
elbow 

Upturned 

elbow 

45° bend 


Preliminary treatment of sewage 

Racks 

1 

Racks 

Racks and 
grit chambers 

Racks 

1 Racks 


Flushing Sewers. —Until the intercepters along the three rivers 
l)assing through the City of Milwaukee were completed, much of the 
sewage of the city was discharged directly into these watercourses. 
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With the rapid growth of Milwaukee the streams became grossly 
polluted. Water was therefore pumped from the lake, as shown in 
Fig. 44, carried through what are called flushing tunnels^ or flushing 
scwerSf in reality water conduits, and discharged into the streams to 
swell their volume during times of low flow and warm weather. This 
fis an example of artificial dilution. Flushing works of this kind were 
devised also for Chicago and Brooklyn. At Milwaukee interceptors 



Fig. 44. —Map of Milwaukee, showing arrangement of flushing sewers. 

and treatment works were constructed a few years ago. The flushing 
tunnels still are operated, however, to improve river conditions. 

Chicago Drainage Canal. —The problem of controlled dilution in 
connection with the disposal of the sewage and industrial wastes of 
Chicago has received much attention in preceding pages and chapters 
of this work. The Chicago Drainage Canal was constructed for the 
purpose of protecting the waters of Lake Michigan, which is the source 
of the city^s water supply. This canal connects the Chicago River 
with the Des Plaines River. The latter, together with the Kankakee 
River, forms the Illinois River, a tributary of the Mississippi River 
(see Fig. 45). The flow of th^v Chicago River was thus reversed and 
water abstracted from Lake Michigan serves to dilute the sewage of the 
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Fio. 45.—Location of rivers and canals, Chicago, Ill. 


city, which is discharged into the canal. To reduce the quantity of 
diluting water required, as a result of the rapid growth of the district 
and the enormous development of its industries, treatment worlds fed 
by intercepting sewers and discharging into the canal are bding put 
into operation. 
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CHAPTER IX 


SEWAGE DISPOSAL BY IRRIGATION 

The general features of sewage disposal by irrigation have been 
outlined in Chap. VI. It will be remembered that there arc two general 
.^pcs of irrigation systems—sewage farming, or surface irrigation, and 
subsurface irrigation, ^ewa^e farming is also knovvn as broad irrigation 
and land treatment. In this process sewage is caused to flow. over 
cultivated fields or to percolate through the ground until it joins the 
natural ground water or passes into underdrains, incidentally watering 
and tc^ senie extent fertilizing the growing crops. In subsurface irrigor 
Iwn sewage is distributed beneath the surface of the ground and pene¬ 
trates into the soil from open-jointed pii)es. While sewage farming 
has been employed for large communities as well as for smaller ones, 
subsurface irrigation is confined to small water-carriage systems, more 
particularly to those of isolated dwellings, hotels, country clubs and 
institutions. For this reason, discussion of subsurface irrigation is 
deferred to .a later chapter, dealing with the treatment and disposal 
of residential and institutional sewage. 

Purification Processes Operative in Soil.—As in dilution,^ t)^ proc¬ 
esses of purification operative in soil are physical, chemical and 
biological in nature. They arc akin to the forces of self-purification 
encountered in water but are restricted to a narrower range of acitivity. 

Physical Processes. —The physical processes of purification are greatly 
dependent upon the character of the soil. Two of them are particularly 
important, namely, filtration and aeration. Passage of sewage through 
the soil removes larger solid particles by straining and smaller ones 
either by sedimentation in the quiescent portions of the tortuous 
channels between the soil grains or by adsorption on the many contact 
surfaces. The quantity of sewage that can percolate through the 
ground is obviously dependent upon soil texture. A stiff clay will allow 
little water to pass, while a coarse sand will absorb a great quantity. 
For a discussion of the principles of filtration and for their formulation, 
see Chaps. XVIII and XXL 

The process of aeration which is active in irrigation is much the same 
as. that taking place in sewage disposal by dilution. On the laud sur- 
foxygen is absorbed from the free atmosphere, while within the soil, 
oxygen is taken up from the ground air. The sewage as it recedes from 
the surface, draws in behind it a fresh supply of air which serves to main- 
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tain aerobic conditions in the soil. This breathing of the soil is im^rtant 
in the economy of irrigation works just as re-aeration is in dilution. 
In order to permit a replenishing of the oxygen supply, sewage must be 
applied to laiid intermittently. A rest period must be provided. 
It stands to reason that aeration is most active in the upper strata of 
the soil. 

An open, sandy soil would appear to be the most favorable type for 
sewage treatment by irrigation, because of its greater permeability to 
both water and air. In sewage farming, however, no matter what the 
character of the underlying strata, the loam and vegetation will hinder 
the passage of water and the circulation of air, so that sewage farms 
can successfully treat only a small percentage of the volume that can 
be handled on uncultivated sand areas by what is called intermittent 
Band filtration. 

Chemical Processes .—Of the chemical processes which are active in 
irrigation, oxidation is the most important. Aerobic decomposition 
carries the cycle of organic matter to a point not only where the end 
products are inoffensive but where they become available as plant 
foods. This fertilizing value of sewage is discussed below, in connection 
with the action of sewage on crops. 

Biological Processes .—Bacteria abound in moist soil, where they are 
responsible for the rotation of the elements which enter into the structure 
of organic matter, just as they are in water. Other organisms, too, are 
found in sewage-irrigated fields, but life as a whole is less varied than 
in sewage-polluted watercourses. As sewage matters become converted 
by biochemical processes into substances which will serve as plant foods, 
they are taken up by the roots of the irrigated crops. 

Action of Sewage on Crops.—Sewage contains chemical constituents 
which, when present in suitable form, possess fertilizing value. For 
this reason there has been a popular belief that the agricultural utiliza¬ 
tion of sewage will be profitable. The most important plant food is 
water, which is the main constituent of sewage, amounting to 99.9 
per cent. Probably the chief agricultural value derived from sewage 
when used for irrigation is due in most cases to its water content. Only 
portions of the nitrogen, phosphorus and potassium compounds in the 
sewage are found in a form suitable for direct utilization by plants. 
Nitrogen should be present as nitrate to be of most value. Usually 
only a small part of it, or none at all, has arrived at that state of oxida¬ 
tion when the sewage is applied to land. The remainder must be nitri¬ 
fied by biological agencies which require oxygen, a mild temperature and 
the presence of lime or some other base. The phosphates and potash, 
especially the latter, are present in such small quantities that their 
fertilizing value is usually spall compared with that of the nitrogen 
compounds which can be converted into available form. 
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The fertilizing constituents of sewage are associated with fat and 
soap, which are injurious to land. They clog the pores of the soil and 
interfere with the absorption of the sewage by the soil and the subse¬ 
quent aeration of the pores. Land which has become clogged and rank 
in this way is called sewage sick and one of the most important duties 
of the manager of a sewage farm is to i)rcvciit such a condition from 
becoming chronic in any of his fields. A precautionary measure against 
it is the removal of the coarse sus|)ended matter from the raw sewage 
by racks and sedimentation tanks. 

In agriculture, fertilizers shruld be applied at certain stages in the 
rotation and growth of crops and the appropriate fertilizers depend 
upon the nature of the soil, the climate, the crops to be grown and the 
rotation of crops. In sewage disposal, all these considerations must 
be waived in favor of the production of a satisfactory effluent. The 
crops must be regarded merely as by-products. Evidence furnished 
by Iqng experience in a number of countries under maiij” conditions 
does not reveal that it is practicable to obtain much fertilizing effect 
from city sewage by the means that must l)c used to o’tain successful 
treatment, but it indicates that where irrigation has been successful 
agriculturally, about the same results would have been produced with 
water. 

Many varieties of crops have been grown on sewage farms. The 
general classes of vegetation cultivated are; grasses; coarse beets and 
other fodder; kitchen vegetables, especially cabbages; corn and wheat; 
and groves of walnut and orange trees. 

Mitchell (1) has presented the information shown in Table 47 on the 
yield of crops from sewage-irrigated lands in comparison with that from 
lands not receiving sewage. The sewage farms in question were con¬ 
nected with state institutions. 

Preliminary Treatment—Although crude sewage has been employed 
successfully for irrigating sandy soils by filtration, it is generally pref¬ 
erable to settle the sewage i)rior to disposal. This reduces clogging of 
the irrigation areas and consequent nuisance. vSeptic tanks have been 
widely employed in this connection, particularly for small communities 
and institutions. More recently the effluents from trickling filters and 
activated-sludge plants have been disposed of by irrigation in those 
sections of this country and other parts of the world in which the value 
of water is substantial. From the agricultural standpoint the fertilizing 
value of the liquid sewage is enhanced by complete treatment, as the 
nitrogen is rendered more readily available. 

Froehde (2) reports that the effluent from the Pomona, Cal., treatment 
works, consisting of Imhoff tanks and activated-sludge units, contains 
21.7 p.p.m. of nitrogen and 9.4 p.p.m. of PoO^. Assuming that horse 
manure contains 2 per cent of nitrogen, he computes that the daily 
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Table 47.— Crops Obvained with ani> without Sewage Irrigation at 
Certain State Institutions 


Institution 

Popu¬ 

lation, 

1022 

Farm 

area, 

acres 

Type of crop 

Year 

Crop yields per acre 

T^and 
irrigated 
with sewage 

Land not 
irrigated 

Training School for Feeble- 

600 

6 

Yellow 

1916 

54 bu. 

22\i bu. 

Minded, Vineland, N. J. 



shelled corn 

1917 

70 bu. 

10^ bu. 





1919 

60 bu. 

372 bu. 




Silage corn 

1920 

l.S.tg tons 

122 tons 





1921 

12 tons 

11 >■* tons 

State Institution for Feeble- 

970< 

15 

Shelled corn 

1919 

3.1 tons 

12'’‘ toiw 

Minded, Vineland, N. J. 



for silage 



23* tons 







28' tons 

Lincoln University, Chester, 

265 


Potatoes, 

1920 

140 bu. 

87 bu. 

Pa. 



corn (esti¬ 

1922 

80 bu. 

50 bu. 




mated) 




Eastern Pennsylvania State 



Corn 

1017 

42 bu. 

20 bu. 

Institution for Feeble- 



Mangels 

1 1917 

251-2 tons 

16>^ tons 

Minded. 



Sugar beets 

1917 

25,2 tons 

20.3 tons 


^ No fertilizer. 

* Six tons of stable manure per acre. 

Soil made fertile by good treatment for several years. 

. < .4bout 140,000 gal. daily. 

* Where fertilized only. 

* Ten tons of manure per acre. 

’ Twenty tons of manure per acre. 

nitrogen content of the effluent, with a flow of 960,000 gal. daily, is 
equivalent to that of 8750 lb. of horse manure. Both^ effluent and 
sludge are employed for agricultural purposes at Pomona. 

Construction of Irrigation Areas.—Sewage is applied to land in various 
ways, some of which are illustrated in Fig. 46. If it is flowed over 
sloping fields from an upper level to a lower one, the process is called 
ridgej surface or broad irrigation. In this method the sewage does not 
penetrate more than a few inches into the soil, except where the latter 
is unusually porous. When the sewage is applied by any method to soil 
of such a nature that the sewage percolates downward in considerable 
quantities, the process is esMad filtration. This variety of filtration must 
be carefully distinguished from intermittent sand filtration which is 
practiced on specially prepared areas that are not used for agricul¬ 
tural purposes, wherever this method of treatment is carried on most 
efficiently. 

• Ridget surface or broad irrigation (Fig. 466) is practiced by flooding 
sewage over land from chann^is on ridges between long, gentle slopes. 
The sewage collecting in the low places between the ridges is received 
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by cross ditches at the foot of the held and conducted to ridges in a 
field lying somewhat lower than the first. Where the soil is very heavy 
a third field may be laid out. 

Bed irrigation and land filtration are terms used in Europe to designate 
the distribution of the sewage in numerous ditches cutting up the land 
into beds which are kept moist by horizontal seepage from the ditches 
(Fig. 4()tt). This method is called ridge-and-furrow irrigation in I^^ngland 


Beds SO -too 'long 
/ 4-~6*w/de ^ 


Furrows i?~/8 'deep, d -S '>y/de, full of Sewage ^ 

9 

''Agriculiural Vie Ora. ns 

(a) Ridge-and-Furrov^ Land FjHra+ion or Bed Irrigation 


Ridge Disiribufor Original Surface 


Shpe I.SOOio 1.780 / Cohdor Cro^s IXhh 

Disfr i^ Co/lecfor 

(b) Ridge,Broad or Surface Irrigcil ion 


Flooded wi*h , , ^ . 

memoankment ^^wage hZ ft (t/nbankmenf 

Agricultural Tile Drains 

& & d 

CO Flood Irrigation or Downward Filtration 
Fig. 46.—Construction of irrigation areas. 

and is employed when it is desired to keep the sewage from contact 
with the crops growing on the beds. 

• In jiood irrigation a plot of land surrounded by a bank is periodically 
covered with sewage to a depth of 1 or 2 ft. (Fig. 46c). In Germany, 
a method of spraying sewage upon the land from movable pipes attached 
to the sewage conduits has been employed. 

To avoid pools of sewage dotted over the fields, the grading of the 
surface and of the ditches and channels must be carried out correctly. 
Much more care is paid in England to grading the land for filtration 
than for surface irrigation, although it is recognized that, even with 
surface irrigation, pooling of the sewage in detached places is likely to 
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result in sewage sickness of the land at such points and in a poorer 
effluent. The cost of preparing the land for filtration is much greater 
than for surface irrigation, not only on account of the need for having 

the surface jx^rfectly level, but 
also because it is frequently 
desirable to strip off the fine 
surface soil overlying a coarser 
subsoil. 

Distribution of Sewage. - The 

sewage carriers are commonly 
either earth ditclies or open or 
closed conduits laid on the 
hydraulic grade line and con¬ 
structed of masonry, concrete or 
vitrified tile. Force mains and 
pij)e lines under slight pressure 
have also b(;en employed. The 
design of the scjwage carriers 
should be developed with a view to minimizing (a) the attention 
required in their operation and maintenance and {h) the injury to 
the system incident to the use of draft animals and agricultural 
implements in cultivating the land. Even where the land is not 
cropped, cultivation is considered necessary in order to promotcj 



Fia. 47.—Distribution system employed 
at sewage farm, Munday, Texas. 



Fig. 48.—^Ijayout of sewage farm, State Institution for Feeble-Minded, Vineland, 

N. J. 


aeration and to check weeds. The distribution system employed at 
Munday, Texas (3), is illustrated in Fig. 47 and the layout of the sewage 
farm at the State Institution for Feeble-Minded at Vineland, N. J. (1), 
is shown in Fig. 48. An outlet developed by Mitchell for underground 
distributors is shown in Fig. 49. This outlet was employed at the State 
Reformatory for Women at 'Clinton, N. J., asphalt jointing compound 
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being used for the pipes. The municipal sewage farm at Vineland, N. J., 
is provided with a tile main with three valve boxes controlling the flow 
of sewage into three distribution ditches. At certain points the liquid 
is diverted into groups of 30 or 40 furrows, 3 ft. apart, at rignt angles to 
the ditch (4). The farm covers about 50 acres and serves a population 
of 8000. 

Underdrainage. —The underdrainage of land receiving sewage is 
regarded as having a dual object: the aeration cf the soil and the removal 
of the effluent after it has percolated through the soil. Drainage is 
frequently carried out by deep ditches into which lines of 3- or 4-in. 
agricultural drain-tile discharge. It is he ld by some engineers that open 
ditches should be used, to permit inspection of the effluent, and that 
they should be deep enough to ke^q) th(‘. 
level of the ground water below the 
level of the tile drains, so that the .oil 
may be kept well aerated. Instead of 
open ditches, tile-pipe drains often an^ 
employed.' The general o])iuiou is that 
all land except clay needs underdrain¬ 
age when the ground water lies within 
4 ft. of the surface. Clay is dilficult to 
underdrain because the tile lim^s seem 

to increase the number of cracks which — Outlet for underground 

. , 1 , 1 ‘i distributors, 

open in dry, hot weather and permit 

raw sewage to enter the drains in an unchanged condition The 
underdrains of English selvage farms, according to Kershaw (5), vary 
from 2 to 0 in. in size, from 12 to 06 ft. in spacing and from 3 to 9 
ft. in depth. The main drains arc 4 to 24 in. in diameter. 

At the Fresno, Cal., sewage farm the ground-water level is maintained 
at least 6 ft. below the surface by drainage pumps drawing water from 
16-in. wells, 150 to 320 ft. deep, arranged in 1800-ft. squares (6). The 
water pumped is clear and practically free from B. coli. The farm covers 
about 812 acres of land and disposes of U) to 12 m.g.d. of clarified sewage. 
About 60 per cent of the filtered sewage is pumped up from the wells 
and delivered to the Fresno Irrigation District for re-use in irrigation. 

Underdrains are naturally omitted in surface irrigation and frequently, 
too, in filtration through porous soils. 

Area Required. —The area required for sewage farming depends upon 
many factors, among which may be listed the method of irrigation, 
the nature of the soil, climatological conditions—especially rainfall, 
temperature and evaporation—degree of preliminary treatment and 
skill of operation. 

Common values of the quantity of sewage which can be treated on an 
acre of land vary from 2000 to 4b,000 gal. daily, with an average of 
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8000 gal. Under European conditions these values correspond to a 
population of 50 to 1000, with an average of 200 persons ])(‘r acre. 
Since irrigation is controlled in large measure h}' the water load, the 
population figures must be reduced about 40 per cent, to compare them 
with American conditions. From two to ten times as much land is 
required for surface irrigation as for filtration. 

Mitchell (1) states that loadings of 50 to 100 persons to an acre have 
given satisfactory results, although a larger population per acre is 
permissible. Cohen (7) reports loadings per acre of 8000 to 20,OCX) gal. 
daily on 57 Texas farms and Cillespie (8) gives values of 10,000 gal. daily 
at Pasadena, 15,000 at Visalia and 20,000 at San Luis Obispo, (^al. At 
these three California plants the areas are crop])ed. For the uncroppcid 
fields at Fresno, Gillespie records a dosage of »50,000 gal. per acre daily 
and much higher values for Modesto, Kingsbury and Carmel. 

Irrigation areas must rest about half of the time. Dosing pericids 
vary from 12 hr. to 10 days at different farms. In addition to the short 
periods between doses, there must be provided longer rest or drying-oj) 
periods^ to permit the land to recover and to allow for the harvesting 
of crops. In England 20 to 50 per cent of the area is under irrigation 
at one time. Longer resting cycles arc required for surface irrigation 
than for filtration. American experience appears to l^e much the same'. 

Compared with the rainfall the quantities of sewage used for irrigation 
are often large. At Nottingham, England, for e.\ami)le, where filtration 
is practiced, the annual rainfall is 25 in., while the annual depth of 
sewage filtered is about 18 ft. At South Norwood, lOngland, where 
surface irrigation is employed, the values are 24 in. and 5 ft., respec¬ 
tively. At Visalia, Cal., the annual depth of sewage passing on to the 
irrigated areas is over 9 ft., which approximates a rate of* 8000 gal. 
per acre daily (9). 

English Experience with Sewage Farms. —The operation of irrigation 
areas was kept under close observation by the Royal Commission on 
J?ewage Disposal, appointed in Great Rritain in 1901. A large number 
of farms were visited and eight were selected as typical of different 
conditions. These were: 


Soil 

Farm 

Soil 

! 

Farm 

Sand. 

Aldershot camp 

Heavy loam and 
clay. 

South Norwood 

Gravelly loam.... 

Croydon (Bed- 

Heavy loam and 



dington) 

clay. 

Leicester 

Light loam. 

Nottingham 

Peaty soil and 
sand. 

Altrincham 

Light loam. 

Cambridge 

Heavy loam. 

Rugby (high-level 
farm) 
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These farms were studied for more than two years and observations 
were made less regularly at other farms. The detailed work was under 
the direction of McGowan, Houston and Kershaw, and full accounts 
of it were published in four appendices to the fourth report of the Com¬ 
mission. These furnish the most complete information regarding the 
actual operation of sewage farms which is available. In using it else¬ 
where, however, careful attention should be paid to the effect of differ¬ 
ences ill soil and climatic conditions, for the generally moist, equable 
climate of England, even though the actual rainfall is not high, makes 
the maximum quantity of water which land can take up very much less 
than the maximum quantity in places having a warmer and drier climate. 

General information concerning these farms, taken from the reports 
of the Royal Commission, is given in Table 4S. It will be observed that 
from 12 to 53 per cent of the area was not irrigable, either because it 
was unsuited for the purpose or because it liad not been prepared to 
receive sewage or was required for roads, sites for buildings and sludge 
beds, grazing and such purposes. The ratio between the total irrigable 
acreage and the acreage required to treat satisfactorily the normal flow 
of sewage indicates the actual reserve capacity of the farm, to permit 
the land to rest after receiving sewage and to provide for unusually 
heavy demands upon the farm. Theoretically, also, it should be 
proportional to the character of the land, a farm containing heavy soil 


Table 49.— Average Areas of Land Required for Treating a 
Dry-WEATHER Flow of 1,000,000 U. S. Gallons Daily (10) 


Class of soil 

Method of 
working 

Volume of 
settled sew:vge 
which can be 
treated per 
acre per 24 
hr., U. S. 
gal. 

Total area of 
land required 
to^treat a dry- 
weather flow 
of 1,000,000 
U. S. gal. 
daily, ^ acres 

I. Good soil and 

Filtration with crop- 

14,400 

70 

subsoil 

ping 



I. Good soil and 

Filtration with little 

30,000 

33 

subsoil 

cropping 



1. Good soil and 

Surface irrigation 

8,400 

121 

subsoil 

with cropping 



II. Heavy soil on 

Surface irrigation 

6,000 

167 

clay 

with cropping 



III. Stiff clayey soil 

Surface irrigation 

3,600 

278 

on dense clay 

with cropping 




^ Theae areas are sufEcient for the trei^tment in times of storm of three times the mean 
dry-weather flow. 
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requiring a larger reserve capacity than one with a light soil. In 
practice, this relation is difficult to observe, financial and topographical 
conditions obscuring its effect. 

The ^oyal Commission’s conclusion from its investigations was stated 
substantially as follows in its fifth report, issued in 1908: 

Having regard to tlie voliiiuo of sewage dealt with and the purification 
effected at the farms kept under the Commission’s observation, as well as 
the testimony given by various expert wiliH'sscH called by the Cummission, 
it estimated tliat tl\c several classes of soil and s»i])Soil could deal effectively 
with the volumes of Hettle<l se\v.ig(‘ given in Table 49, under the climatic 
conditions of England. 

The Sewage Farms of Paris and Berlin.—The two largest cities 
in the world that dispose of their sewage* mainly by irrigation are Paris 
and lierlin. A brief descriifflon of their sewage farms is given below. 

—The sewage farms abinit Paris are the chief French examples 
of sewage irrigation. In 192d the volume of the city’s sewage, from a 
population of almost 3,000,0(K) in the districts connected with the farr^jis, 
was more than 200 m.g.d., of which 120 m.g.d. were used for irriga¬ 
tion, the remainder being discharged into the River Seine. The area 
of the farms is given in Table 50. 

The farms owned by the city had cost $7,220,000 in 1900 and the 
annual cost of operating them and distributing the sewage was about 
$1,000,000. Financial reports of the farming operations are not 
obtainable, so it is impossible to ascertain the net cost of this method 
of treatment at Paris. The city’s land was leased to tenants at rates 
ranging from about $5 per acre, where the teiiant agrees to apj»ly 
sewage to his land only as directed by the city’s suiiervisors, to about 
840 per acre, where lu^ usi^s the sewage when and as he desires. The 
owners of land within the irrigatioji districts take the sewage as they 
desire it. 

Table 50. -Mkwaou Fakms ok P\uis ix 1924 


Area of farms, acres 


District 

Privalely 

(UVUed 

Owned 
])>' city 

Total 

Gonnovilliers. 

1,880 

15 

1,895 

Ach^rea. 

■uo 

2,905 

3,376 

M6rv-Pierrelavc. 

3,731 

1,230 1 

4,967 

Carri^res-Tricl. 

2,137 

210 

! 2,347 


S 158 

i 4,420 

! 12,684 
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The sewage is screened and settled. It is distributed through the 
farms in reinforced-concrete conduits 1 to 4 ft. in diameter, lined with 
sheet steel where the pressures are heavy. These conduits have risers 
1 ft. in diameter with outlets for the sewage into open carriers which 
distribute it over the fields. The land is partially underdrained at a 
depth of 13 ft., by drains of plain or reinforced-concrete pipe. They 
discharge into open ditches with concrete lining. 

Berlm ,—The sewage farms of Berlin afford the largest opportunity 
for this method of treatment yet undertaken in any country. At the 
close of 1910 the area of these farms was as given in Table 51 and they 
were treating an average of 77,000,000 gal. daily, coming from a popula¬ 
tion estimated at 2,064,000. Of the prepared land 7994 acres were used 
for broad irrigation, 12,250 acres for filtration, 502 acres for settling 
basins and 2105 acres for roads and buildings. The rate of filtration 
was about 3700 gal. daily per acre of prepared land. The principal 
crops were rye grass, turnips, cabbages, potatoes and grain. About 
one fourth of the area was used for pasturage and there were about 
4Q acres of fish ponds, which yielded fish worth about S3200 annually. 
In 1926 the Berlin sewage farms were treating about 150 m.g.d. of 
sewage from 4 million persons on 27,250 acres. 

The cost of the farms to March 31, 1910, was about $17,470,000. 
The expenses for the year ending on that date were $1,300,000 for 
maintenance and $742,000 for interest and loans. The receipts were 
$1,241,000 and there was an estimated increase of $122,600 in the 
value of live stock and other property. The net cost of sewage disposal 
was therefore about $24 per mil. gal. Similar balances have been main¬ 
tained during recent years. 


Table 51.—Berlin Sewage Farms in 1910 



1 

Farmed 
by city 

Leased to 
farmers 

Unpro- 

duc.tive 

Total 

Area irrigated and farmed, 
acres. 

16,657 

3,956 

395 

21,008 

Area farmed without irriga¬ 
tion, acres. 

10,647 

2,486 

8,868 

22,001 

Total. 

27,304 

6,442 

9,263 

43,009 


American Sewage Farms. —Sewage irrigation has not been employed 
in the United States on such a large scale as in lilurope, but it has been 
practiced in a small way at institutional disposal works and in a number 
of communities, particularly in Southern California and Texas, 
for many years. The cities of Danbury, Conn., Fresno, Pasadena and 
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Pomona, Cal., and San Antonio, Tex., are among the larger places 
where it has been given long trials with more or less success. Cohen (7) 
reports its use in 57 Texas cities, excluding San Antonio, mostly located 
in the western and southwestern portions of the state, the largest city 
having a population of 20,000. Health officers report from time to 
time that sewage is treated by irrigation, when what actually is done 
is to raise crops on intermittent sand filters, thereby running the risk 
of clogging the filters by roots and necessitating an early and expensive 
reconstruction of the beds. At one time irrigation was practiced exten¬ 
sively by market gardeners near Los Angeles, but it was unsatisfactory 
both to the health officers and to the fanners. Cheyenne, sometimes 
mentioned as a city using sewage for irrigation, has not done so since 
1890. Pullman, Ill., now a part of Chicago, the first large American 
city to irrigate farm land with s(iwage, gave up the practice many years 
ago. ^ 

€ The more extended ise of irrigation in Southern California and Texas 
than elsewhere in the United States is probably due to the suitable 
character of the soil for sewage farming, the felrtively low rainfall 
and the scarcity of water. The first condition materially r'^duces the 
cost of this treatment, while the last two greatly facilitate using the 
sewage in a fairly satisfactory agricultural way and without decided 
sanitary defects. 

A number of American sewage farms have been mentioned in previous 
sections of this chapter. Generally speaking, records of construction 
and operation are not adequate because of the very nature of the 
works. 

The sewage of San Antonio, Tex., with a population of 2oi,542 in 
1930, was conveyed 12 miles from the city to a 6700-acre, privately- 
owned tract, where it was used in irrigating 4000 acres. The sewage 
amounted to about 20 m.g.d., so that the land was dosed at the rate of 
5000 gal. per acre daily. The irrigating season was from the middle of 
February to the middle of November and during the remaining three 
months of the year the sewage was discharged into an artificial lake, 
having an area of approximately 1000 acres. In recent years the sewage 
flow became too heavy for existing arrangements and an activated- 
sludge plant now treats the sewage before discharging it into Lake 
Mitchell. The lake waters either flow into the Medina and San Antonio 
Rivers or may be used for irrigation. There is a possibility that an 
irrigation district will be formed to utilize the plant effluent for irrigation 
purposes (11). 

In 1926 Lubbock, Tex. (population 20,520 in 1930), began to apply 
settled sewage.to 88 acres of land, to irrigate a variety of crops. The 
flow is equivalent to 4,7 in. per month on the cultivated land and it is 
estimated that 40 per cent is lost by evaporation and seepage, leaving. 
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3 in. per month going to the crops. After the rainfall is added and 
evaporation from soil and transpiration are deducted, the net residual 
moisture going into the soil is said to be 3 in. per month. Roberts 
(12) states that ^'experience at Lubbock has indicated that conditions 
and results would be better if this residual were ab(mt one half this. 
This would mean that 1 acre of land would take care of 2200 gal. of 
settled sewage per day.’’ 

At Pomona, Cal., a city of 20,804 persons in 1930, the effluent from 
an Imhoff-tank, activated-sludge plant is sold to the Xorthsid(j Water 
Company for irrigation purposes (2). The company i)ays I 2 cent per 
inch-hour^ of effluent during the winter and 1 cent during tlie summer, 
approximately equal to 87.50 per mil. gal. and 815.00 per mil. gal., 
respectively. The contract runs for 20 years. During 1928 1929 
the return from the sale of effluent was 84009 and from the sale of sludge 
$414. fThe cost of operating the plant was 89112, including 81000 for 
chlorination. 

At Vacaville, Cal., with a population of 1550 in 1930, the effluent 
from a septic tank passes into a header ditch, from which i)ipe ports, 
15 to 20 ft. apart, lead to the irrigation area (13). The soil is tight and 
the sewage flows over the dense growth of grass covering tlie irrigating 
beds into storage ponds holding 3.5 mil. gal. Most of the sewage 
evaporates or is used by the vegetation. While 125,000 gal. of sewage 
are discharged daily on 8 acres of land, totaliiig 30 mil. gal. during 
the dry period, not more than 3 mil. gal. accumulate in tlie ponds. The 
effluent is well purified and produces a prolific growth of algae in the 
ponds. 

The effluent from three septic tanks, which provide 14-hr. detention, 
is discharged on to 400 acres of irrigation beds used chiefly for Vow crops 
of cotton, corn, maize and cane, and also for pecan trees and grass 
meadows, at Abilene, Tex., a city of 23,175 persons in 1930 (14). The 
soil is well drained and no effluent reaches the nearby stream. The rate 
of application of the 650,000 gal. of sewage a day is about 1600 gal. 
daily per acre, or 22 in. a year. The average annual rainfall is 24 in., 
and the average annual evaporation from water surfaces is 54 in. 

Sewage irrigation at Pasadena, (Jal., began about 1887, when 300 acres 
were bought at $125 an acre for a municipal farm. In 1905, 160 acres 
more were purchased at $150 and later purchases brought the total up 
to 518 acres in 1914. The property was miles from the city, from 
which the sewage was carried in a 16- to 20-in. vitrified pipe. For some 
years the sewage was passed through settling basins, where the deposits 
were mainly rags, corks and coffee grounds, and was then delivered 
through pipes to outlets 400 to 500 ft. apart. These delivered the 
sewage into head ditches, from which furrows were run 2 to 6 ft. apart. 

i One miner’s inch equals 074 gal. per hour. Hence, 1. inch-hour -= 074 gal. 
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A septic tank was constructed in 1910 and concrete pipes were laid to 
distribute the sewage about the farm. The standpipes were placed 
about 150 ft. apart. The sewage was not allowed to run continuously 
on any area of open ground longer than 4 to 10 days and, as soon as the 
land was dry, it was thoroughly cultivated and occasionally ])l()wed. In 
the walnut groves sewage was formerly kept on the land from Dec. 1 
to April 1, while the leaves were off the trees. During tlie remainder 
of the year, the sewage was used exclusively on the open fields. Alfalfa 
has been a profitable crop, but, as the [dants collected the solids in the 
sewage, cultivation of this cr.)p was abandoned for a time. 

The condition of the farm in 1914 is outlined in the following notes 
from Smith, then city engineer: 

Alfalfa was raises;! on 12l2? - acros; walnuts on 112 acres; oranges on 70 
acres; oat hay on 120 acr's; corn on 40 acres; pumpkins on 4 acres; sweet 
corn on 3 acres; Kaffir c )rn on 2 About 1,800,000 gal. of sewages 

wdte received daily, and iftcr the septic tank was i)ut in service there was 
no trouble caused by .olids. Alfalfa is now one of i.he best crop.s and a 
cutting is made about once a inoidh, the land being i igated after each 
cutting. The walnuts an' now irrigated about twice during the summer 
and twice during the winter. 

Growth of population in the vicitiity f)f the Pasadena farm caused 
dissatisfaction with this method of elisposal and an activated-sludge 
plant was built and placed in operation in 1924. The effluent of the 
activated-sludge plant is at ])resent used for irrigation at the farm. 
Hatch (15) rejMjrts that the iriigation season is from May to November 
and during this time about half the eliluent is utilized. It is exj-ected 
that the rest of the efliuent will eventually be sold to private couipanies 
for irrigation purposes. It is said that an offer of $2,500,000 has been 
made for the })resent 57()-acre farm. 

Public Health Aspects of Sewage Farms.—h’rom the hygienic stand¬ 
point there arc two phases of sewage farming that must be considered, 
i.c., its ability to produce a satisfactory eilluent and the possible dangen-s 
from the sewage as it i)asses over or into the soil. In regard to the 
first point. Table 52 shows that the purification ('ffected })y land treat¬ 
ment Is relatively great and comparison with the so-called artificial- 
treatment methods, discussed in succeeding chaj^tc'rs, will indicate that 
the effluent from wcll-manag(‘d sewage farms is as good as that product'd 
by most of the treatment processes that make use of sedimentation 
followed by oxidation. This is true more particularly of filtnitioii than 
of surface irrigation. Pollution of watercourses, therefore, may be 
greatly reduced by land treatment of the sewage prior to its discharge 
into them. 

So far as the second point is. concerned, the Royal ("ommission on 
Sewage Disposal expressed its f>pinion as lollows in its fourth report: 



Table 52. —Analysis of Applied Sewage akd Effluents of European Sewage Farms 
(Results of cheraical analyses in p.p.m.) 
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* Royal Commission on Sewage Disposal, 4th and 5th Reports, 1904-1908. 

^Bechman, 1901. For results for the year 1922 sec Di^nert, Rev, d'Hygiene^ 1924; 46 , 1117. 

3 Dunbar, 1908. 

4 Four hours at 80®F. 

* With one exception. 
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As regards the likelihood of sewage farms heiug dangerous to health, we 
can do no more than tentatively express the opinion that no convincing 
proof has yet been furnished of direct or wide-spread injury to health in the 
(?ase of well-managed farms. 

It may be possible that the foul emanations from a badly-managed or 
over-sewaged farm constitute an indirect source of danger to health by 
lowering the vitality of weakly or susceptible individuals. 

Possible channels of infection are flies and other insects carrying 
germs of disease mechanically from farms to human liabitations; 
kitchen vegetables consumed without cooking; the milk of cows pastured 
on irrigated lands, and ground water polluted by sewage seejung into 
it from the filtration areas. In the absence of epidemiological experi¬ 
ence, considerations of hygiene dictate that a safe policy be adopted. 
Dairying and the raising of produce to be consumed raw, even though 
sewage does not come int o direct contact with it— as is true of some vege¬ 
tables grown on ridge-ai d-furrow areas and of the fruits of some sewage- 
irrigated trees—should not he allowed on sewage farms. Ground-water 
supplies in the vicinity of sewage farms should be closely watched for 
evidences of contamination. 

In general, the average layman has a strong prejudice against the 
use of foodstuffs grown on sewage farms and the odors arising from 
poorly managed irrigation areas are apt to strengthen his i)reju(lice, 
in spite of the lack of scientific support. It is said that the 4rX)() i)eople 
resident on the Berlin sewage farms have consistently had good health. 
The views of the California State Board of Health are expressed in a 
circular addressed to all cities, counties and state institutions in 1918. 
The following regulations arc taken trom this circular ; 

Resolved that the following r<».gulations governing the use of raw sewage, 
septic or Imhoff tank effluents or similar sewage or water polluted by such 
sewages for the irrigation of garden track, berries, fruit trees, and stock 
feed, be adopted: 

Rule 1. Raw sewage, septic or Imhoff tank effluents, or similar sewages, 
or water polluted by such sewage shall under no circumstances, be used to 
water garden truck or berries intended to be eaten raw by human beings, 
e.g.y tomatoes, celery, lettuce. 

Rule 2. Garden truck used or intended to be used for human consumption 
in the cooked state may be watered with sewage, provided that no sewage 
shall be applied to the soil or vegetable for at least one month prior to 
harvesting and consumption of the product. Such crops are green corn, 
cabbage, cauliflower, chili peppers, pimentoes, asparagus. 

Exception: By special permit from the State Board of Health, fruits and 
vegetables included in Rule 1 and Rule 2 may be irrigated with sewage 
when said products are used exclusively for commercial canning purposes. 

Rule 3, Vegetables harvested exclusively in the dry state may be watered 
with sewage; such crops are beans, late potatoes. 
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Rule 4. Trees bearing fruits or nuts may be watered with sewage. 
Pi’ovidod, however, tliat witidfalls and fruit lying on the ground shall not 
be u.sed for human cofjsumption. 

Ride 5. Cantaloupes, watermelons and cueiimbers may be irrigated 
with sewage, provided that the sewage be not allowed to come in contact 
with the vine or product. 

Rule 6. Stock foods, such as alfalfa, fodih'r corn and cow beets, may be 
watered with sewage, provided that milk cow^s be not pastured on lands 
while moist with sewage. 

Live Stock on Sewage Farms. —Kershaw (lO) states that 

cattle should rarely b(^ permitted to roam loos(^ on land uscal for sewage 
treatment, on account of the damage lh(\v flo to land - especially heavy 
soils—by “pocketing’^ it wdth footprints, in winch tlu* sewage or tank liquor 
after application to the land, stagnates and smells wdien the lu‘ld is dried 
off. . . . Where surplus land is available on the fjirin, or where the cattle 
are stall-fed, this objection naturally dot's not arista, and heavy crops of rye 
grass can bo disposed of rt'gularly where cattle an‘'ktqd.. 

At Alelhourne, Australia, cattle and sluM p are brtal and fattened 
and horses are pastunnl on the inunieipal sewage farm f 17). Altogether 
there were grazed and fatteiKnl on the <S0S4 acres under irrigation in 
1920 from 0000 to 8000 head of catth? and from 5000 to 17,000 sheep, 
while from 500 to 1000 liors(?s w(‘re on j)astiirage. Dairying is not 
permitted by the health autliorities. The revenue from grazing more 
than covers the expenses of land treatment, apart from interest on 
capital. During drought years tlui revenue also eovtrrs interest. The 
p<3pulation of Melborne is about 800,000 and the annual rainfall averages 
18 in. 

Present Status of Sewage Farming.—The f.-ud, that sewage Jarming is 
the oldest method of sewage treatment, if it be regarded as a treatment 
process, should not detract from its value. This vitwv is supported by the 
fact that the municipality of Berlin is abandoning more recent and thor- 
v5Ughly efficient trickling-filter installations for scwvage farms. With other 
methods of treatment available, how^evor, sew^age farming can compete with 
the so-called art.ifi(;ial tr(\atmeut methods only wdien wide tracts of suitable 
land are available at low^ cost, efficient management br)lh from a sanitary 
and agricultural view’iioiiit is assured, and water is scarce and hence valuable. 

In America, therefore^, sew'age farming seems practically to be restricted 
to the semiarid regions of the Southwest. In England its use is decreasing 
rapidly. In France other processes are being studied with a view to 
abandoning some of the existing farms. In Australia, South Africa and 
countries with similar climatic and soil conditions, however, extensions to 
sewage farms are being made. 
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CHAPTER X 


RACKS AND SCREENS 

Hunicipal sewage contains floating and suspended matter, or trash, 
such M cloth, paper, kitchen refuse, pieces of wood, cork, hair and fiber, 
and uncomminuted fecal solids, all of which are removed readily by 
screeidng. In some cities with combined systems of sewers large street 
inlets are used and occasionally open brooks are tributary to sewerage 
systems. In such cases quantities of bulky trash may enter the sewers, 
,%uch as barrels, boxes, cans, lumber, railway ties, brush and small 
•'’trees;- ■' 

,. Among the objects accomplished, at least in part, by screening the? 
lelWwing ftfe prominent: 

A. In conjunction with appliances for conveying and pumping sewage and 
sewage sludge: 

‘ ^ 1. Hoteotion of pumps from injur}% 

2. Protection of inverted siphons and force mains from clogging. 

3. ^ Pmtection of valves and gates to insure effective operation. 

B. In conjunction with sewage disposal by dilution; 

1. Removal of unsightly matters which would float on the surface of the 
waters receiving the sewage or become stranded on their shores. 

2. Reduction in the quantity of sludge “hng to the bottom of slow- 
moving bodies of water and likely )rm sludge banks or cause 

' offense by decomposing. 

C. In conjunction with sewage-treatment processes: 

^1. Removal of floating matters that tend to form unsightly scum on 
settling and aeration tanks. 

2. Removal of coarse solids which would tend to clog or otherwise 
interfere with the operation of mechanical sludge-moving equipment 
in sedimentation tanks. 

3., Prevention of heavy and extremely tough floating scum on the surface 
of i^tic tanks and^ther sludge-digestion tanks. 

4* Removal of solids likely to clog trickling-filter nozsles or the surface 
of filters or of irrigation ^reas. 

.fi. Removal of larger imlids that may settle to the bottom of aeration 
units, w:here the 3 |;may in|^ere with air d^sion or may putrefy, 
ff. Rexiioval Id eoaiie^^lida and uncomminuted f^l matters that are 
V ixol' readily bjr whjeii sewage is disinfected. 

1 Aa a whpr developing more complete 

SK ' 
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Classifictttioii of Screening Devices.—The following definitions are 
introduced here to avoid confusion as to the meaning of certain terms 
( 1 ): 

A screen is a device with openings, generally of uniform size, used to 
retain course i^ewage solids. The screening element may consist of 
parallel bars, rods or wires, grating, wire mesh, or perforated plate and 
the openings may be of any shape, generally circular o^ rectangular 
slots. A screen composed of parallel bars or rods is called a rocit. 
Although a rack is a screenihg device, the use of the term screen should 
be limited to the type employii^r; wire cloth or perforated plates. How¬ 
ever, the function performed a rack is called screening and the 
material removed by it is known’ as screenings, although Takings is more 
convenient in some cases. If./acks or screens are stationary, they are 
termed ^ed and if th^y are capable of motion, they are termed movable. 
Accoiiillig to the method ol oleafiui^, racks and screens are designated as 
hand^aned or machine darned. 

An important distinction is made, according to the purpose of screen¬ 
ing, between fine screening, which has certain elements of a treatment 
process, and coarse screening, which is not primarily intended to be such 
a process. In a general way, the size of opening which is on the bound¬ 
ary between coarse and fine screening is taken by American engineers 
at M in- By size of opening is meant the least dimension of the water¬ 
way. The relative terms used to indicate the various sizes of openings 
employed in racks and screens are shown in the following schedule: 


Size of Opening 

Racks: 

Coarse. More than 2 in. 

Medium. 1 to 2 in. 

Fine. Less than 1 in. 

Screens: 

Coarse. K in. or more, sizes larger than 

% in. seldom being used. 
Fine. Less than K in. 


Duplicatloxi of Racks and Screens.—Duplicate equipment is generally 
provided, so that least one unit may be in service while others are 
being repaired or cleaned. In the case of racks this duplication is 
provided by placing them either in series in a single channel or in series 
or parallel in two or more channels, side by side. The preference is 
generally given to two channels, in order that accident to one rack.may 
not interfere with the operation of apother. In the case of movable 
racks, however, installations are made in pairs, one rack being placed a 
short distance upstream from the other, so that when the iipstream rack 
^'lifted f<w the downstream raek may be ia use. With such. 
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an inetallation there is the possibility that some large objects may be 
swept along the sewer, when the downstream rack is lifted. 

RACKS 

Racks are commonly used for the protection of appliances for convey¬ 
ing and pumping sewage and sludge, for the general protection of sewage- 
treatment plants and for removing unsightly objects where sewage is 
disposed of by dilution. 

Location with Resp/ect to Grit Chambers.—Where racks are used 
in conjunction with grit chambers, there may be some question as to 
whether it is better to place the racks upstream or downstream from the 



Fig. 50.—Waste-weir at rack of Emschergenossenschaft plant. 


chambers. Prevailing practice seems to be to place the racks on the 
upstream side. 

When partially clogged, racks placed upstream will cause the sewage 
to back up in the sewers, thus tending to form deposits there rather than 
in the grit chambers. On the other hand, if placed downstream the 
racks will tend to cause the deposition of organic matter in the chambers 
and thus increase the offensive properties of the grit. Where grit 
chambers are made abnormally large for the purpose of retaining coarse 
organic material, the cleaning of racks will be facilitated if they are 
placed downstream. 

Area of Fixed Racks.—Racks generally are placed at right angles in 
plan to the axis of the channel they cross. Their area should depend 
upon the quantity and character of sewage to be screened, the frequency 
. of cleaning, the'size of the opWngs and the permissible loss of head. 
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Where necessary in order to provide adequate area, the channel is some¬ 
times widened at the racks. In other cases the same purpose has* been 
accomplished by the use of racks which are angular, curved or even 
round in horizontal cross section. The object is attained more com¬ 
monly, however, by inclining the racks, as shown in Fig. 50. Boston 
experience indicates that with combined sewers the rack should have a 
clear area for the passage of sewage at least 50 per cent greater than 
that of the channel leading to it. Fuller and McClintock (2) state that 
for domestic sewage a rack area of 20 sq. ft. per mil. gal. daily is ordi¬ 
narily satisfactory, where racl.8 are cleaned three times during the day 
and are left clean at night. 

Width of Openihg of Fixed Racks.—^^\liere racks are provided to 
protect centrifugal pumps, the width of openings depends in considerable 
measure upon the type and design of impellers. Clogging may be 
caused by relatively large objects, sucii as bodies of dead animals^ or by 
striagy material like rag; and rope. For small pumps with the older 
divided or shrouded impellers having small passageways, rather narrow 
spacing of racks was employed, or screens of rectangular mesh even were 
installed occasionally. With pumps of the modern nonclog type, larger 
objects will pass through the impellers and coarser, racks are being 
employed. With the older type of pumps a clear waterway of H to 
% in. between bars was employed commonly, while with the more 
modern impellers racks with clear openings of 2 to 3 in. frequently 
give satisfaction. In the case of some of the larger pumping installa¬ 
tions, as at the Connors Creek storm-water pumping station at Detroit, 
racks have been omitted. With pumps of some designs, even of con¬ 
siderable size, it is necessary to use racks of narrow openings. 

The size of the openings in racks guarding treatment works is gradu¬ 
ally becoming standardized at >2 to 3 in. A 1-in. opening generally 
is employed in the Boston district for racks screening sewage at pumping 
stations and before its disposal by dilution. Sometimes two or three 
racks are used in series, openings of \}i to 1in. being provided in the 
first rack and of in. in the last one. 

In the case of racks with openings smaller than ^>2 in., there are 
three features to be considered particularly: first, the danger of unduly 
raising the sewage level at the rack by the clogging of the openings with 
trash; second, the arrangements that must be made for the disposal 
of the large quantity of rakings from such fine racks; and, third,, the 
cost of labor or machinery required for cleaning. The first point is 
important because, if screening devices become so clogged as to cause 
pooling of the sewage, troublesome deposits may be formed in the 
sewers. As to the second point, the rakings from fine racks, ^if not 
promptly disposed of, are more likely to cause objectionable odors than 
those from coarse racks. 
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At Plainfield, N. J., Lanphear found that racks with h-in. openings 
l^came so clogged between 5 and 9 a.m., if unraked, that the loss of 
head was 6 to 9 in. This much exceeded the loss during the hours of 
regular cleaning. 

There is considerable variation in the degree of importance attributed 
to keeping racks clean. In some small separate systems, where no storm 
water enters the sewers, little attention is given to the removal of screen¬ 
ings. In some large stations, like those of the Boston Metropolitan 
District, the removal of the screenings is occasionally an arduous task. 
There is apparently no way to foresee exactly what the conditions will 
be and experience indicates that the racks and their supports should be 
strong enough to prevent their failure, in case they become clogged and 
the sewage is dammed back by them. 

If there is any likelihood of the development of a high head upon a 
rack, it may be desirable either to install a float-operated alarm system, 
which will automatically give notice when the sewage above the rack 
reaches a dangerous height, or to provide a by-pass with a screened 
waste-weir of sufficient length, as indicated in Fig. 50, to prevent 
the sewage from rising above a predetermined height. As a preliminary 
step in estimating the probable effect of a rack on the elevation of the 
sewage in the channel above it, a computation may be made by the 
follovHng formula: 


2g ^ 0.7 

where V and v represent, respectively, the velocity in feet per second 
through the openings of the rack and in the channel above the rack, and 
h is the head in feet due to the rack. The acceleration due to gravity is 
denoted by g and 0.7 is a coefficient suggested for this use by 
Fruhling (3). 

Slope of Fixed Racks.—Some types of movable racks are constructed 
in a vertical position, to simplify lifting them and to economize space, 
while other types are inclined. Stationary racks are inclined, to facili¬ 
tate cleaning and afford a larger area for the passage of sewage, thus 
reducing the velocity of flow through the openings. There is no close 
agreement among engineers concerning the best slope for these inclined 
racks, but the usual inclination is somewhere between 30 and 45 deg. 
from the vertical. With hand-raked racks of moderate size, the greater 
the inclination, the easier will be the cleaning. 

In a few German plants, where the inclination of the racks is great, 
their length has been reduced, in order to facilitate cleaning, by sup¬ 
porting their feet on a low transverse wall built up on the invert of the 
channel. Where such a plan is followed, it is manifest that care should 
be taken to design the wall so | that as little sludge as possible will 
accumulate in front of it. 



RACKS AND SCREENS 


267 


Mechanical rack-cleaning equipment, of* the types manufactured 
by the Dorr, Link-Belt, Chain-Belt, Jeffrey and other companies, 
ordinarily is designed for fixed racks inclined at 30 deg. from the vertical. 

Box or Basket T 3 rpe of Racks.—^Fixed racks in the form of baskets 
or boxes have been employed at some plants. Regarding an installation 
of this type at the Irwin Creek plant, Charlotte, N. C., McConnell 
(4) states: 

There are two compartmcxits, each of which is provided with two box 
racks measuring 24 in. square by 20 in. deep, constructed of M-in. by l)^-in. 
galvanized-steel bands with clearances. The bottoms are solid and 



Fig. 51.—Rack used at pumping station, North Attleborough, Mass. 


operate as sluice gates, which permits of dumping the screenings directly 
into a wagon below. . . , Sluice gates are provided for changing the flow 
from one compartment to the pther for cleaning purposes. 

Hand-cleaned F^ed Racks.—Hand-cleaned racks are raked with 
long-handled rakes, with teeth spaced to fit into the rack openings. In 
well-designed plants the floors and receiving troughs are sloped and 
perforated in such a way as to permit the prompt escape of the water 
which drains out of the rakings, as well as that used for washing the 
floors, screens and tools. Cleanliness about the screen room and prompt 
removal of rakings are necessary to prevent objectionable odors and 
flies. 

The rack illustrated in Fig. 51 permits of easily pulling the rakings 
back over the tops of the bars and allowing them to fall on a platform or 
into a trough. 
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Machine-cleaned Fixed»Racks. —Cleaning racks of small and moder¬ 
ate size by hand is sometimes laborious, particularly during storms and in 
the fall when leaves are washed into combined sewers. The hand clean- 



, Fig. 52.—Cross-section of curved Dorrco bar screen. 

ing of many large racks is impracticable because of their great depth and 
size. These conditions have led to the installation of machine-cleaning 



Fig. 53.—^View of straight Dorrco bar screen, showing cleaning mechanism. 

equipment, which is now common. Such equipment may run con¬ 
tinuously or it may be started and stopped by float control, so as to 
provide for cleaning the racks only when a predetermined loss of head 
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is reached. Intermittent operation results in a saving in power and 
in wear on the equipment. 



Fig. 54.—Dorrco bar sciecns at Calumet treatment plant, Chicago, III. 

In one of the early forms of Dorr machines, shown in Fig. 52, the 
cleaning mechanism consists of a revolving arm carrying raking plates 



Fig. 65.—Link-Belt straight-bar rack rake. 

at each end. For this type of equipment the rack bars must be curved 
in the shape of a quadrant, concave qpstream. The raking plates are 
dentated to fit the rack and sweep the screenings up the bars. When 
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the plates arrive at the top, a scraper is engaged, which removes the 
solids. The largest installation of equipment of this type is at the 
West Side plant in Chicago, where there are five racks, each 11 ft. deep 
and 10.6 ft. wide, with 1-in. clear openings. 

Another form of Dorr machine for a stationary rack, which is usually 
set at an angle of 30 deg. from the vertical, is illustrated in Fig. 53. 
As the raking plate of this apparatus clears the top of the bars, it 
engages with the rake scraper, which moves the rakings across the 
raking plate and discharges them into whatever receptacle is provided. 
A typical installation of this equipment at Trenton, N. J., cleans a rack 
6 ft. deep and 8 ft. wide, with IH-in. clear openings. 

Another type of Dorr machine, installed at the Calumet plant of the 
Chicago Sanitary District, is shown in Fig. 54. 

A type of machine made by the Link-Belt Co., shown in Fig. 55, 
has the rake secured to a carriage which travels back and forth over the 
rack. On the upward travel the rake engages with the rack and carries 
the accumulated solids to the top. As the rake passes the top of the 
rack, it swings past a scraper, which scrapes the adhering solids into a 
trough or conveyor. The rake is then carried back, clear of the rack, 
to the bottom, where it is lowered again into engagement with the bars 
for a repetition of the operation. The speed of the rake is approxi¬ 
mately 7 ft. per minute. By means of a time relay the rake is stopped 
at the highest and lowest positions for a period ranging from 4^ to 
30 min., dependent upon local conditions. Equipment of this type is 
provided at New Haven, JOonn, 

One of the older machines is at Toronto, Ont., where there are six 
racks, each 5 ft. 8H in. wide, two in chambers 33 ft. deep and four in 
chambers 14 ft. 3 in. deep. The racks are made of bars HO H ft- long 
and yi in. thick, spaced to give J^-in. openings. They are cleaned by 
means of rakes, attached horizontally to endless-chain belts, driven by 
shafting and gearing at the top of the racks. The material clinging to 
the tines of the rakes is brushed off manually. The material drops to 
a traveling belt and is discharged into a hopper. Grit removed by the 
bucket elevator is also dropped directly into a hopper. A truck is 
run under the hopper to remove the material. 

Movable Racks. —^There are many forms of movable racks which 
may be classified in two gp^ps, hand cleaned and machine cleaned. 
The first class is found moire generally in the United States than in 
Europe, where racks of the second class have been commonly used for 
many years. 

Hand-cleaned Movable Racks. —The only movable racks cleaned by 
hand are cage racks, which were designed first in America for the Calf 
Pasture pumping station of the Boston Main Drainage Works. They 
were planned for the protection of the pumps and went into operation 
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Jan. 1, 1884. Several similar racks have been installed in the Boston 
Metropolitan Sewerage District. These installations consist of a rack 
chamber, extending from the invert of the sewer to the surface of the 
ground and surmounted by a superstructure for housing the cleaning 
and hoisting apparatus. Usually the racks are in sets of two, one 
upstream of the other, with two sets in parallel, as in Fig. 56. Each 
rack consists of a cage, provided on three sides with vertical J'i-in. 
bars, with open spaces of 1 in. The front of the cage, facing the incom¬ 
ing sewage, is open and the steel bottom is pe’-forated to allow the water 
to drain off as the cage is hoisted. Each cage is about 9 ft. wide by 



Fig. 56.—Rack chamber at Ward Street pumping station, Boston. 


9 ft. high by 3 ft. 6 in. deep and is similar in appearance to a passenger 
elevator. After the works had been in operation for a short time and 
before the official acceptance tests of the pumps, the builders objected 
to the quantity of suspended matter coming through the racks. For 
this reason a second row of bars was staggered behind the first. These 
are placed so that the actual open space as measured diagonally between 
bars is still about 1 in. One of the racks at Nut Island also has a 
similar second row of bars. At Deer Island and East Boston, this 
second row of bars was omitted, as it was felt that with the centrifugal 
pump installations at these places such care in keeping out fine material 
was not necessary. 

The cages are balanced by counterweights and are manipulated by 
small reversing engines attaclied to the frame supporting the cages. 
At the Calf Pasture station both the channels leading to the racks 
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are provided with large hydraulic-operated sluice gates^ so that either 
channel can be shut off, allowing but one set of racks to be used at a time, 
which has been the usual practice. At the Ward Street station, how¬ 
ever, the gates are dispensed with and both channels are used regularly. 
Grooves are provided in the masonry for insertion of stop planks, in 
case it is necessary to shut off one channel. Considerable trouble 



Fig. 67. —Sectional elevation of Ward Street rack chamber. 


has been caused at the Calf Pasture station by debris forcing its way 
through the racks. This difficulty is attributed largely to the relatively 
small proportion of rack opening to sewer area, particularly when only 
one channel is being used. The debris clogs the racks rapidly and often 
before cleaning a head of water has been built up sufficient to force 
material through the bar openings. At the Calf Pasture station, 
with only one set of racks in use, the ratio of rack area to sewer area is 
70.8 per cent and, with both setsJn use, it is 141.6 per cent. At the 
Ward Street station the ratio of rack opening to sewer area is 162 per 
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cent with one rack and 324 per cent with both racks in operation. 
Even under the latter conditions, it is said that in times of storm the 
racks need constant attendance and cleaning to keep them sufficiently 
free from clogging material. 

A sectional elevation of the rack chamber at the Ward Street station 
is shown in Fig. 57. Each set of two racks is provided with two engines 
and by a system of clutches either or both engines may be used for 
hoisting either of the cages. By a system of reducing gears, the power 
is transmitted to chain wheels located directly over cast-iron guides on 
either side of the cage, as shown in Fig. 58. These wheels are rigidly 
attached to a horizontal shaft located over the center of the cage, thus 
insuring, during hoisting, a positive and equal movement for each 
side of the cage. There is a 2-in. clearance between the edge of tlie 
wall and the cage. 



(o)-Band rack (6)-Wing rack (c)-Shavol-va,ne rack 
Fig. 69.—Three types of European machine-cleaned racks. 


The hoisting apparatus has been considerably simplified at the 
Deer Island and East Boston stations, by the substitution of a worm 
direct-connected to an engine or electric motor, which actuates a gear 
wheel fastened to the shaft carrying the chain wheels. Companion 
racks in the other channel have similar arrangements and the^ends of the 
shafts are fitted with wheels for rope drive, by means of which all of 
the screens can be operated by one motor in case of accident to the 
other. 

Among the installations of cage racks are those at Milwaukee, 
Toledo and Washington. 

Machine-cleaned Movable Racks. —Three types of machine-cleaned 
movable racks are shown in Fig. 59/the hand type being the only one 
used in this country. 

A band rack of the Brunotte type (Fig. 60), furnished by the Link- 
Belt Co., has been installed at St. Petersburg, Fla. It is 5 ft. 10 in. 
wide with ?^-in. clear openings and has a capacity rating of 30 m.g.d. 
The speed may be either 7 or 10 ft. per minute. 

The rack is cleaned by a weighted swinging rake, equipped with rubber 
fingers, which match the openings between rack bars. The solids 
removed by the fingers collect on the upper steel plate of the rake. 
After the bars of the tray hkve befen cleaned, the rake is swung back and 
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the accumulated rakiii^s arc removed by a brass scraper and dropped 
into a trough. 

The wing or Frankfort rack is a type of movable rack developed with a 
view to keeping above the sewage all parts subject to frictioral wear. 
The rack revolves in a direction opposite to the current and the pressure 
tending to force material through the rack is somewhat greater than that 
due to the current itself. The racks are cleaned by a pendulum arm 
hinged at the top, which carries a brush and pushes the screenings from 
the inner edge of each rack toward the outer edge, finally delivering 
them upon a belt conveyor. 



a. Front view. h. Top view. 

Fig. 60.—Brunotto rack. 


A modification of this machine, in which the racks are curved instead 
of flat, has been installed in a few European cities. It is called the 
Geiger or shoi>el~vane rack. 


SCREENS 

Screens are practically all of the movable type and are either self¬ 
cleaning or machine cleaned. The screening medium generally is made 
of manganese-brouze plates with perforations in the form of slots, com¬ 
monly He in. in width but ranging from J ^'32 to in. Wire cloth is 
seldom used, because of its tendency to become clogged with material 
which cannot be easily removed and because of its inferior wearing 
qualities. 

Types of Screens. —The different .types of screens have their dis¬ 
tinctive features as to shape, operation, cleaning and handling of screen¬ 
ings. The Riensch^-Wurl and Tark screens are cleaned by brushes. 


iPronounoed Reensh. 
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The Rex screen is cleaned by brushes^ or by jets of water or compressed 
air. The Dorrco screen is self-cleaning. Where there is much grease 
in the sewage, the washing of brushes with kerosene has been found 
useful. The condition of the screen is also improved by this treatment 
or by blowing steam or hot water over the screen once or twice a day. 

The head lost in screening may be appreciable. Wurl, who developed 
the screen known by his name, estimated the loss of head by the ordinary 
orifice formula, assuming, however, that a coefficient of discharge of 
0.4 would be more conservative than the values ordinarily used for 



General arrangement. 


Screening plate. Detail of seal. 

Fig. 61.—Riensch-Wurl screen. 

water and that from one-half to two-thirds of the submerged openings 
would be covered with screenings. For the Riensch-Wurl screen, he 
estimated that the area of sul>merged openings was equal to about 
25 per cent of the submergi>d area of the screen. Hence from the 
formula: : 

Q - CAy/^h 

where Q » quantity of sewage, cubic feet per second 
S * submerged surface, square feet 
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C coefficient of discharge, assumed as 0.4 
A = effective area of openings, square feet = say, 0,4 X 0.255 = 
i).\S 

h = head lost, focit 
g = .32,2 ft. per second per second 

Disk Screens .—The disk separator, or lliensch-Wurl scrt3en, provides 
an adequate screening area by inclining the screening surface 10 to 
25 deg. from the horizontal, as shown in Fig. 61. It was developed 
in Germany and has been used to some extent in the United States, 
notably in New York City. It consists of a disk made of sheets of 
perforated metal, with or without a frustum of a cone attached to its 
center, the whole mounted on a shaft whose inclination from the vertical 
determines the tilting of the disk. One fourth to one third of the area 
of the disk is penetrated by perforations thro\igh which the sewage 
passes. The weight of the disks in screens up to 16 ft. in diameter 
is generally carried by a ball bearing at the top of the shaft. In larger 
sizes the shaft is stationary and carries an annular ball-bearing support 
on which the frame moves. In either case the bearing is above the 
level of the sewage. 

As the screenings are raised above the surface of the sewage, they 
are swept off by brushes on the ends of the arms of a large spider. The 
brushes revolve and the arms also revolve, the combined motion of 
the several parts being such that every portion of screening surface of the 
disk is passed over at least twice. This cannot be accomplished, how¬ 
ever, with the conical screen in the center of the disk, which is cleaned 
by a vertical brush of cylindrical form. At some plants the cone plates 
are not perforated. 

Screens of this type have been constructed with disks from 4 to 26 ft. 
in diameter and with perforations from 0.03 to 0.2 in. wide and commonly 
2 in. long. The largest plants installed in this country are those of 
New York City. 

The characteristics of the Riensch-Wurl screens at the Irondequoit 
plant, Rochester, are shown in Table 53. 

Drum Screens .first drum screens used in the United States 
were of the Weand type, in which the sewage flowed outward through a 
conical drum covered with wire cloth. Installed at Reading, Brockton, 
and Baltimore, they have been superseded by drum screens covered with 
perforated metal sheets, through which the sewage passes inward. The 
use of the Weand screen at Reading was discontinued in 1912 and at 
Brockton in 1918. 

The Dorreo screen, Fig. 62, was developed originally for screening 
industrial wastes. It consists of a rotating drum partly submerged in 
the sewage. The sewage passes into the drum from the outside and 



268 


AMERICAN EEWERAGE PRACTICE 


escapes through au opening at one end. The direction of rotation is 
such that the screen lifts the sewage within it on tlie side opposite the 
inlet, so that the sewage stands 6 to 8 in. above the level of the incoming 
sewage. This “head” automatically pushes the screenings off outside 




Fio. 62.—Dorreo screen. 

of the plates and they settle into a screen pit adjacent to the drum. A 
clean surface is thus produced, to be re-immersed in the incoming sewage. 
This screen is therefore self-cleaning. The screenings collected in the 
screen pit are dredged continuouslif.by a bucket elevator with perforated 
buckets. 
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The characUnistics of the Dorrco screens at the South Hyperion plant 
at Los Angeles, are shown in Table 53. 

In the Tark screen, manufactured by the Link-Belt Co. and shown in 
Fig. 63, the sewage passes from the outside through slotted plates 



Fig. 64.—Rex screen. 


brushes are supplied automatically with kerosene or other suitable 
liquid, to cut the grease from the screen. 

Swinging plates project from the dnim to scoop up any sludge that 
may settle in the bottom of the screen chamber. These plates are with¬ 
drawn inside the drum just before they reach the brushes. 
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The characteristics of the Tark screens at Milwaukee are shown in 
Table 53. 

Band Screens ,—Band screens or belt Kscreens have been used for a 
long time in Great Britain. In the United States their use for municipal 
sewage is relatively new. The Rex screen, made by the Chain-Belt Co. 
and shown in Fig. 64, consists of sections of screening plates fastened to 
endless chains. The sewage i)asses through the plates which are cleaned 
by jets of water or compressed air, or by brushes. 

The characteristics of the Rex screens at the Canal Street plant, 
New York City, are shown in Table 53. 


Table 53.— Design Characteristics of Fine Screens 



Rochester, 

Los .\ngeles, 


New York, 
N. V'., Canal 
St. plant 


N. Y., Iron- 

Cal., So. 

Milwaukee, 


dequoit 

plant 

Hyperion 

plant 

Wis. 

Type of screen. 

Hiensch-Wurl 

Dorreo 

Turk 

Rex 


1916-1929 

1924 

1925 

1925 

Rated capacity, m.^^i. 

120 

80 

150 

120 


9 

3 

8 


Number. 

Size- 

6 

8 

8 

3 


12 

8 

8 » 



8 

8 

55 




6 


6.5 




<^““1 Height, ft. 

2.8 




Plates: 





Material. 

Manganese 

bronze 

Manganese 

bronze 

Manganese 

bronze 

Manganese 
. bronze 


Thickness, in. 

30 

Vie, 

Hr. ‘ 

Vir. 

20 

Inclination, deg. from horizontal.. 


Submerged area, per <*ent of surface 
Slots: 

45 

50 

80 

50 

Size, in . 

3^^ X 2 
20.2 

Kc X 2 
18.6 

Hz X 2 
27.5 

X 2 

18.7 

Per cent of surface slotted. 

^ . f ft. oer min. 

300 

5.5-11 

6-12 

Operating speed'] ^ 

0.7 

Brushes: 




Number. 

4 


8 

2 

« , ( r.D.m ... 

38 


11-23 

Speed -j 

i ft. per mm. 


100 

Power consumption, kw.-hr. per milh; 

S 3 



ga.1. 1 ., 

11 

2.6 

3.3 



Efficiency of Screening.—It is not practicable to ascertain, even with 
approximate accuracy, the screen efficiency by determining the sus¬ 
pended solids in the sewage before and after screening, for most of the 
substances removed by screenif^ are of such a nature that they cannot 
be sampled fairlyT)y practicable methods. One way of overcoming this 
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difficulty is to measure the quantity of screenings collected and the 
quantity of suspended or settling matter in the screened sewage. 
Combining the two values will yield moderately reliable information. 
In recording quantities of screenings and efficiencies, it is desirable to 
state the dates of tests, for screens may be more effective in cold than in 
warm weather, because of a reduced tendency of the solids to disintegrate 



Fig. 65. —Removal of suspended matter by fine screens at Chicago. 

at low temperatures, and mote ^effective in the autumn than at other 
seasons, because of leaves washed into combined sewers. 

Table 54 gives a few data reported for screens of various kinds. 

Ihe effect of fine screening on a weak domestic sewage and a strong 
industrial sewage was studied by Pearse (5) for the Sanitary District of 
Chicago. The results are summarized in Fig. 65. The screens were 
4.2 sq. ft. in area and had openingi^ of the sizes indicated on the diagram. 
At 39th Street they were under a constant head of 6 in. and at the 
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Stock Yards under a head of 4 ft. 6 in. It will be observed that screening 
was of appreciable influence only in the case of strong sewage and 
screens with finer mesh than about 0.08 in. 

RAKINGS AND SCREENINGS 

Character and Quantity of Screenings. —The character and quantity 
of screenings produced depend in a measure upon whether the sewers 
are on the separate or combined plan, on the fluctuations in sewage 
flow, on the slopes and lengths of sewers, on the time it takes the sewage 
to reach the screens, on the cleanness of the interior of the sewers, on 
the season of the year, on th<' habits of the population and on any 
pumping to which the sewage has been subjected prior to being screened. 
For any particular screen they depend especially upon the size of the 
openings and the frequency and manner of cleaning. 

As stated by Allen (6) 

at one plant there will bo found a large percentage of paper; at another fecal 
matter will predominate; at anotlier vegetable wastes and at another sticks, 
twigs and leaves, depending on the season. With a normal domestic 
sewage the screenings will be coniposed largely of paper and feces, both of 
which will diminish in amount in stale sewage by disintegration. 

Data on the quantity and character of material removed from racks 
and from screens of several kinds are given in Tables 55 and 56. The 
following values are common: 

Quantity of Screenings: 

Racks with openings of 0.5 to 2 in.: 0.5 to 6 cu. ft. per mil. gal. 

Fine screens with opening.s of to %2 i>^- 5 to 30 cu. ft. per mil. gal.; 

5 to 15 per cent removal of suspended matter. 

Character of Screenings: 

Weight per cubic foot: 40 to 60 lb. 

Moisture: 80 to 90 per cent. 

Volatile matter, dry basis: 80 t<j 90 per cent. 

Handling and Disposal of Screenings. —The offensive character of 
screenings makes their prompt removal from the screens desirable. On 
this subject Gregory (5) has stated that the handling and removal of 
screenings from a screening plant are Just as important as handling and 
removing sludge from settling tanks. His observations led him to the 
opinion that the simplest way to avoid offensive conditions was to keep 
the screeuable materials in the sewage and handle them in settling tanks. 
Soper (5) stated that inspection of :Euroj;)ean fine screens convinced 
him that when they were operated without regard to the production 
of odors, they were the most offensive apparatus used in sewage treat¬ 
ment. AQCording to Allen (6), 
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Table 56. —Quantity of Material Removed prom Racks 



1 

Quantity of rakings 



Size of 
opening, 
inches 



Density, 
lb. per 
cu. ft. 

Location 

Cu. ft. 
per 

mil. gal. 

Lb. 

per 

mil. gal. 


Data from Report of Comm, on Sewage Disposal, Am. Pub. Health Assoc., 10.30 


Aurora, III. 

Blackwell, Okla. 

Bloomington, 111. 

Canton, Ohio. 

Charlotte, N. C. 

Chicago, Ill. 

Calumet plant. .. . 
Cleveland, Ohio 
Southerly plant.... 
Westerly plant... 

Columbus, Ohio. 

DeKalb, Ill. 

Durham, N. C. 

Elgin, III. 

Fitchburg, Mass. 

High Point, N. C.. 

Marion, Ohio. 

Middletown, N. Y... . 
Morris Plains, N. J.... 

Parsons, Kan. 

Pontiac, Mich. 

Reading, Pa. 

Schenectady, N. Y. . . . 

Syracuse, N. Y. 

Trenton, N. J. 

Urbana-Champaign, III 
Worcester, Mass. 


1 

0.60-0.7.5 

1 

1.0 

j 1 

0.76 

■ 1 and 

3.0 


1.7 

1 

0.17 

: 1 ‘ 2 

1.08 

i 1 ,* 2 and .3 

0.96 

j >2 and 1 

0.67 

i 1 

4.0 

! i’h 

3.0 

1 

0.77 

212 

0.54 

l>.i 

0.9 


2.0 

1 >4 and 3 

3.5 

2>2 

3.0 

IH 

2.0 

IK 

1.0 

2 

2.75 

iH 

1.5 


0.73 


0.71 

IH 

2.6 

1^16 

1 0 

2 

2.37 


Data from other s^^ces 


Atlanta, Ga . 

1 

i 


40 


Boston, Mass. 




No. Metropolitan. 

i 1 

1.78 



So. Metropolitan.^ . . 

1 

4.77 



Columbus, Ohio.. , '. i 

•>H 1 

4.6 

300 

65 

Plainfield, N. J.| 

1 ; 

5.7 

261 

46 

Toronto, Ont. 





Morley Ave. plant. 

K 

2.8-3.7 

127-171 

38 

No. Toronto plant. 

2 i 

0.3 

15 

50 

Washington, D. C . 

IM 

0.63 

37 

54 
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disposal of sewage screenings is not often a difficult problem in the case of 
the small installation and where there is land available where they can be 
buried in trenches, plowed under or merely covered, to prevent odors, fly 
breeding, etc.; but as the volume increases and land becomes more restricted, 
it presents difficulties that may be very perplexing. 

Where racks are cleaned by hand, the rakings are handled with broom, 
shovel and wheelbarrow. Where racks are machine cleaned, rakings 
are either discharged directly into receptacles or conveyed to them by 
band or screw conveyors. Fine screens are commonly provided with 
receptacles into which the screenings are swept or delivered by bucket 
conveyors, or they are equipped with bands on which the screenings are 
transported to receptacles. 

The screenings accumulating in the receptacles in some cases are 
ejected by compressed air into carts, which carry them to the point of 
disposal. If screenings are disposed of in the plant or its immediate 
vicinity, the compressed air may convey them through pipes to the 
point of disposal. At the North Side sewage-treatment works in 
Chicago the racks are provided with a pneumatic-ejector system for 
removing the rakings. The ejectors discharge into two steel storage 
tanks, each having a capacity of 1000 cu. ft., from which the rakings 
can be loaded into railroad cars or trucks by additional ejectors. 

The prevailing methods of disposal of screenings include burying 
or plowing under, filling low land, incineration and disposal at sea. 
Prior to disposal, screenings are sometimes compressed to remove some 
of their moisture and thus to reduce their bulk and offensiveness. 

Burial of Screenings.—If screenings are dispt)sed of by burial, they 
should not be buried too deeply, as they decompose but slowly if removed 
from the upper layers of soil, known as the “ zone of living earth,^^ in 
which bacterial activity is greatest. At the same time, they should be 
covered sufficiently well to prevent odors and fly breeding. At Plain- 
.. field, N. J., sfcreenings are spread upon neighboring farm lands and 
plowed under. At Rochester and Syracitee fine screenings are carried 
to a dump and covered with material rf?tnoved from grit chambers. 

Dewatering. —Prior to disposal, screenings are sometimes dewatered, 
particularly where the method of disposal is by incineration. 

Aside from the draining of screenings incidental to their removal from 
sewage, water may be forced, out of them by pressing and by centrif¬ 
uging. Rakings have been pressed at a number of plants for many 
years. The presses have usually been of the ‘^ cidertype, operated 
by steam or hydraulic pressure. Screenings at Dayton are dewatered 
in a press made by the Hydraulic Press Mfg. Co. (Fig. 66). The press 
basket consists of a steel-slab curb 28 in. in diameter and 30 in. deep. 
The hydraulic ram has a capacity of 100 tons, making the pressure on 
the screenings 325 lb. per square inch. It takes about 20 min. to make 
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one pressing. At this rate, the capacity of the press is about 250 cu. ft, 
of wet screenings in 8 hr. The screenings are reduced about 50 per cent 
in volume and after pressing contain about 35 per cent of solids, of 
which about 4 per cent is mineral matter. 

During a test run at Baltimore, unpressed rakings averaging 7.75 cu. ft. 
per mil. gal. of sewage, weighing 60.17 lb. per cubic foot and containing 
86.45 per cent moisture, were reduced by pressing to 4.04 cu. ft. per 
mil. gal., weighing 50.03 lb. per 
cubic foot and containing 72.19 
per cent moisture. 

The rakings at the Ward Street 
pumping station in Boston are 
dewatered to 65 to 75 p<‘r cent 
moisture. 

It is probable that screenings 
ban be dewatered practically by 
centrifuge, although this machine 
has been used but little. At 
Reading, Pa., screenings from a 
fine-mesh Weand screen were 
placed in canvas bags and de¬ 
watered by a centrifugal ^^hydro- 
extractor” about 6 ft. in diam¬ 
eter by 3.5 ft. high, which 
reduced a charge of 500 lb. from 
85 to 90 per cent to 61 to 73 
I^er cent moisture in 8 min. The 
dewatered screenings were 
burned under the boiler. At 
Brockton, Mass., screenings from 
a Weand screen weighed slightly 
more than 50 lb. per cubic foot after dewatering by centrifuge. 

Experiments were coiiducted by Gascoigne at Cleveland, in which 
about 1 }'.i tons of fine screenings with 85 per cent moisture, after a brief 
period of draining, were dewatered in a centrifuge to 65 per cent moisture. 

Following tests with a centrifugal machine of the laundry type, as 
manufactured by the Tolhurst Co., Milwaukee installed five machines 
of this type for dewatering mixed screenings and grit prior to incinera¬ 
tion. The screenings are loaded into ejectors and forced by air pressure 
through pipes into the centrifuge baskets. Townsend (7) describes the 
installation as follows: 

The baskets of each of the centrifugal machines, which revolve at a speed 
of about 500 r.p.m., will hold 12 ft. of wet screenings and grit.' After 

1 Grit i 0 not dowatered by (jontrifuge at proaent. 



Fig. 66. —Press for dewatering screen¬ 
ings, made by Hydraulic Press Manu¬ 
facturing Co. 
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the centrifuging cycle has been completed, the hinged cover of the unit is 
raised, and the basket is removed from the machine by means of small 
electric jib cranes. The basket is swung outward, then inverted, its con¬ 
tents falling into a hand-propelled buggy of suitable size to hold two such 
charges. The contents of the buggies are deposited on the floor above the 
incinerator near the charging holes, from which place they are fed by hand 
into the incinerators. 

Ihcineration. —Dewatered screenings may be burned readily under 
steam boilers where available, as is done at some Boston plants. It is 
practicable also to dispose of such screenings by incineration where high- 
temperature incinerators are available. 

Although a few incinerators have been installed in treatment plants, 
comparatively few data relative to the incineration of screenings are 
available. Such information is rather conflicting and unsatisfactory. 
At Long Beach, Cal., screenings are burned in an incinerator constructed 
at the plant (8). During the fiscal year ended .lime 30, 1920, a total 
of 80,220 cu. ft. of screenings, weighing 2507 tons, was burned. The ash 
removed from the incinerator, which was used for filling low land around 


Table 67.—Fuel Used for Incineration of Screeninos 



■ i 

Mois- 

1 


Estimated 



ture in 

Fuel used 

.A.ssumed 

B.t.u. 1 


•Plant 

screen¬ 

ings, 

to inciner¬ 
ate 1 lb. of 

B.t.u. 
per unit 

supplied 1 
per lb. of 

Ue marks 


per 

screenings' 

of fuel 

screenings' 



cent 



incinerated 


(1) 

{'i) 

(3) 

(4) 

(5) 

(6) 

Baltimore, Md. 

72 

! 

0.22 lb. 

14.0(K) 

3080 

Tost run; screenings 



coal 



pressed. 

Cleveland, Ohio. 

65 1 

0.25 lb. 

14,000 ! 

3500 

Experiments; screen¬ 
ings dewatered in 


coal 




1 

i 

centrif ugo. 

Dayton, Ohio. 

70 

1.98 ou. ft. 

700 ! 
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pressed. 


Irnhoff gas 

Long Beach, Cal. 

86-88 

1.7 cu. ft. 

1,160 

1940 

Year ended June 30, 



natural gas 

1 



1926; screenings par¬ 
tially dried. 

Los Angelen, Cal., 

68 

0.0106 gal: 

/146.200 1 

1540 

Year ending Jan. 31, 

Hyperion plant. 


fuel oil 

i 



1935; screenings 
prc.ssed. 

New York, N. Y. 

69 

0.13 1b. 

19,000 

2470 

Test run of 3 hr.; 



oil 



screenings pre?ssed. 

Mouth Yonkers, N. Y.. 

80 

0.0125 gal. 

147, (K)0 

1840 

Representative tests 



fuel oil 1 



over year’s time; 


. 




screenings pressecl. 


1 Moisture in screenings as indicated in column 2, 
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the plant, weighed 29 tons, or slightly more than 1 per cent of the 
screenings burned. 

At Dayton pressed screenings, containing about 96 per cent volatile 
matter on a dry basis, are burned in an incinerator built at the treatment 
plant. They are reduced about 95 per cent in weight. The incinerator 
is fired by gas collected from the Imhoff tanks and stored in large 
pressure tanks underground. A similar screenings press and an 
incinerator are provided at the Allentown, Pa., sewage-treatment plant. 

Data available upon incineration of screenings are given in Table 57. 

The general opinion seems to be that a temperature of 1250°F. is the 
minimum at which screenii gs can be incinerated without producing 
objectionable odors. Average temperatures at Dayton are about 
1600°F. Of 8760 temperature readings taken inside the combustion 
chamber of the Long Beach incinerator, the highest was 1690®F. and 
the lowest 1561 °F. The available data indicate that 1500 to 3500 B.t.ii. 
^re required to incinerate 1 lb. of dewintered screenings. 

Digestion of Screenings.—The digestion of screenings alone is 
seldom practiced. Large-scale experiments at Milwaukee on digestion 
of fine screenings alone are reported upon by Townsend (7) as follows: 

After a period approximating 1 j-i years, during which time a wide range 
of temperature and pH control were investigated and also during which 
time many changes in mechanical equipment and various other appurte¬ 
nances were made, the experiment was abandoned, it having been concluded 
as far as the work had progressed that its application upon a large scale 
appeared to be impracticable. 

In experiments upon the digestion of mixtures of screenings and 
activated sludge, it was found that while suitably seeded activated 
sludge digested alone at 70®F. in 30 days, replacement of 10 and 20 per 
cent of the sludge by screenings increased the digestion period to 35 
and 40 days, respectively. 

At Baltimore, for several years, rakings have been ground and 
returned to the sewage for digestion wdth primary sludge. Since the 
material removed from sewage by racks is a relatively small proportion 
of the material removed in sedimentation and activated-sludge units, 
it is probable that the rakings may be readily disposed of by digestion 
with the sludge. Laboratory experiments reiwrted upon by Keefer and 
Kratz (9) indicate that garbage, which generally constitutes a consider¬ 
able proportion of rakings, after being ground, digests rapidly with an 
equal quantity of raw sludge on a Volatile-solids basis, when seeded with 
a suitable quantity of digested sewage sludge and kept at 28®C. 

Boruff and Buswell (10) state that a special, drum-type screenings 
digester has been designed ai\d operated, which has been found to 
overcome the difficulties encountered in other experiments with the 
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digestion of Takings and screenings alone and to produce a nonoffensive 
material, which can be dried readily on sand beds. The normal operat¬ 
ing capacity is reported to be 200 lb. dry weight daily per 1000 cu. ft. of 
tank. 

During investigations made by Rawn (11) and by Rudolfs and 
Heisig (12), they were able to treat screenings by digestion at daily 
rates of only 112 lb. and 41 lb. dry weight, respectively, per 1000 cu. ft. 
of tank capacity. 

Shredding Screenings. —^At Baltimore, where racks are employed 
to protect pumping equipment, tests have been made on the grinding 
of sewage Takings in a macerator (13). After being ground, the material 
was returned to the sewage. 

A 24- by 28-in. macerator was found to be capable of shredding 
1.5 to 2 tons of rakings an hour, with a current consumption of about 
M kwh. per cubic foot of ground material. Tlie tests indicated that 
under certain conditions the rakings could be shredded, returned to the 
sewage, digested with the other solids removed from it and dried on 
sludge beds at a cost which would compare favorably with the cost of 
pressing and incinerating tliern. 

Keefer further reported that immediately after the conclusion of the 
tests the macerator was permanently installed at the h^astern Avenue 
Sewage Pumping Station and since then has been used to grind all the 
rakings collected at this station (14). The daily quantity of material 
pulverized varies from 200 to 300 cu. ft. During 3 >2 years of successful 
service it was necessary to install one new set of hammers in the grinder; 
other than this, practically no repairs were recjuired. The grinder 
pulverizes practically everything that is present in sewage. However, 
in pulverizing rags it is necessary to introduce the material into the 
machine at a slow rate. After this thorough test it was decided to 
install two machines for grinding rakings from coarse bars at the 
Baltimore sewage-treatment plant. 

At sewage-treatment works, where it is desired to remove from the 
sewage as much coarse material as possible, partly to lighten the load 
on subsequent treatment units, the addition of macerated screenings 
to the sewage would defeat the purpose for which the screens were 
installed. Moreover, the possibility of increasing the scum on sedi¬ 
mentation and digestion tanks requires consideration. 

Cost of Rack and Screen Installations. —^The cost of hand-cleaned 
racks, which are commonly built up of simple structural-steel members, 
principally flats and rounds, is about 10 cents a pound. The cost of 
the machine-cleaning e<iuipment at Syracuse, N. Y., in 1923 was about 
$18,200, or $330 pt^r in.g.d. based on maximum plant capacity. The 
tenders received by the authors in 1929 for machine-cleaning equipment 
for a rack, 6 ft. wide by 11 ft. deep, ranged from $2500 to $3500, includ- 
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ing installation. The cost of the Aurora, Ill., Dorr machine-cleaning 
equipment in a channel 5 ft. wide and 4 ft. deep was about $2500, not 
including installation. The cost of the Brunotte band rack at St. Peters¬ 
burg, Fla., in 1927 was about $10,000, or about $333 per nx.g.d. rated 
capacity. 

The power required for operating mechanical rack equipment is 
relatively small, varying according to the size and number of racks and 
the frequency of operating the cleaning ecjuipment. The cost of power 
at Trenton, N. J., for operating Dorr machine-cleaning equipment for a 
rack 8 ft. wide and 6 ft. dfep is not more than 30 cents a day. The 
average cost of operating the racks at Baltimore, Md., for 8 years, 1921 
to 1928, was 35 cents per mil. gal. of sewage treated. 

Fine-screen costs vary with the size and number of units and range 
from $4500 for a small screen, taking care of flows up to 1 m.g.d., to 
$25,000 for a screen treating flows up to 35 m.g.d. The cost of the 
two Dorreo screens Akron, Ohio, having a combined capacity of 
10.4 m.g.d., was about $16,000, including erection, in 1927. The cost 
including erection of the Tark screen at Tenafly, N. J., having a maxi¬ 
mum capacity of 3 m.g.d., was about $7000 in 1928. The cost in 1925 
of the Milwaukee, Wis., Tark screens, having a maximum capacity of 
150 m.g.d., was about $114,000 erected. 

A hydraulic-screenings press, such as used at Allentown, Pa., and 
Dayton, Ohio, with a basket 28 in. in diameter and 30 in. deep, costs 
about $2500 installed. A machine for macerating screenings, like that 
in use at Baltimore, capable of shredding 1.5 to 2 tons of screenings i)er 
hour with a current consumption of kwh. per cubic foot of ground 
material, costs about $600. At 1.5 cents per kilowatt-hour the cost for 
power is about 37.5 cents per 100 cu. ft. of ground material. The cost 
of incineration with coal, assuming 0.25 lb. of coal per pound of screen¬ 
ings, with a density of 60 lb. per cubic foot, is $6 per 100 cu. ft. of screen¬ 
ings, with the price of coal at $8 a ton. 

Operating costs of screens include supervision, renewals and repairs 
and power. At Baltimore, four revolving-drum screens, 10 ft. long 
and 12 ft. in diameter, are placed between the sedimentation tanks and 
trickling filters. The average cost of operating these screens for eight 
years, 1921 to 1928, was 54 cents per mil. gal. of sewage treated. The 
total operation and maintenance cost per million gallons of sewage 
treated at the Long Beach, Cal., Dorrco-screen plant, including the 
incineration of screenings, was $6.60 during the fiscal year ended June 30, 
1926. The cost of incineration per ton of wet screenings was $0.69 for 
fuel and $0.60 for labor, a total of $1.29. The cost of fuel was based on 
an allowance of 20 cents per 1000 cu. ft. of gas, at 1150 B.t.u. per cubic 
foot, the gas being secured without charge from the municipal gas 
plant. 
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CHAPTER XI 


GRIT CHAMBERS, SKIMMING TANKS AND STORM-WATER 

TANKS 

Grit chambers and skimming tanks perform an essentially similar 
function, namely, tlie separation from sewage of readily removable 
matters that may interfere with the operation of sewage works or 
affect adversely streams or other bodies of water into which otherwise 
untreated sewage is d ^charged. Skimming-detritus tanks accomplish 

part the work of be th grit chambers and skimming tanks. All these 
types of preliminary treatment are finding increased use in American 
plants. The use of storm-water tanks for partial clarification of storm 
flows in excess of those that can readily be handled in the treatment 
plant proper is not common in this country. Such tanks are widely 
used in British and German practice. 

GRIT CHAMBERS 

Grit chambers are essential in combined sewerage systems, because 
of the large amount of heavy material washed into such systems during 
storm runoff. In sizable sewage-treatment plants, moreover, grit 
chambers may be of sufficient value to justify their inclusion in the 
works even when thej'^ serve separate sewerage systems. Appreciable 
quantities of grit may find their way into separate sewers from many 
sources, such as the waste water from bath-rooms and kitchens, the 
washing of floors and cellars, silt which enters sewers through open¬ 
ings and loose joints, illicit ground-water or storm-water connections, 
surreptitious drainage of trenches and other excavations, and wastes 
from manufacturing processes. The inclusion of excessive amounts 
of organic solids in grit-chamber deposits should be avoided as far as 
possible, because they render the grit offensive and make its disposal 
more difficult. 

In combined systems of sewerage, the need for and load on grit 
chambers are greatly influenced by the character of the tributary 
drainage area, particularly by the extent to which streets are paved. 
Even with paved streets, however, the burden of grit may be considerable, 
because of the practice of sanding pavements that are made slippery 
by moisture, snow or ice and also because of the quantity of dirt washed 
into ‘sewers when paved streets are cleaned. Catch basins installed on 
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combined systems do not obviate the necessity for grit chambers but do 
reduce the load placed on them. 

The extent to which storms affect the quantity of solids in sewage 
which can be removed by grit chambers was indicated by testimony 
before the Royal Commission on Sewage Disposal (1). During a 4-hr. 
storm at Burnley, for example, Pickles and Ross reported that during 
the first, second, third and fourth hours of the rainfall the suspended 
matter averaged 248, 800, 256 and 56 p.p.m. In dry weather, on the 
other hand, the suspended matter averaged 1190 p.p.m. At Hey wood, 
the suspended matter during the first rush of a protracted storm was 
reported by Bolton to be 2380 p.p.m. and at the ends of successive 
hours it was: first hour, 1110; second hour, 690; third hour, 500; fourth 
hour, 380; fifth hour, 330; sixth hour, 280; seventh hour, 180. In dry 
weather the suspended matter averaged 290 p.p.m. 

Design of Grit Chambers.—Before the design of grit chambers is 
undertaken, it is well to fix upon the desired degree of removal of heavy 
material from the sewage and freedom from putrescible organic matter 
in the grit. Removal of a large percentage of heavy solids is not 
always compatible with relative freedom from organic matter and it 
is necessary to weigh the factors involved before reaching a conclusion. 
In some instances, it may be less objectionable to allow some of the 
fine grit to pass through the grit chambers and be deposited elsewhere 
in the plant, whence eventually it must be removed, than to include 
in the grit-chamber deposits quantities of organic matter that would 
later cause annoyance. In other cases, it may be essential to retain as 
much fine grit as practicable in the grit chambers, because of its 
interference with satisfactory operation of succeeding processes. Since 
the removal of fine grit from the sewage is commonly associated with 
the inclusion of relatively large quantities of organic solids in the grit, 
special provisions may be required for the satisfactory disposal of the 
putrescible grit obtained in such cases. 

Where sewage-treatment works are remote from human habitations 
and factories, the necessity of obtaining cle^n grit is not so great as 
where residences adjoin the plant or disposal of grit on dumps without 
creating annoyance becomes a problem. 

At Cleveland, extensive experiments on developing a working grit 
chamber, especially one that would produce a grit suitable for disposal 
as fill in residential districts, led conclusion that, if the grit were to 
be relatively inoffensive, it must not contain on an average more than 
15 per cent of volatile matter (2). To obtain this result, the grit- 
chamber velocity had to be maintained between 0.5 and 1.0 ft. per 
second, with an average detention period of 50 sec. 

The selective efficiency of grit chambers is usually expressed in terms 
of the percentage of volatile matte# in the grit. This figure may be 
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misleading where materials such as coal and cinders, which are non- 
putrescible, and seeds, which are relatively nonputrescible, make up a 
large part of the volatile matter. 

The factors to be considered in grit-chamber design are: velocity of 
flow and maintenance of uniform velocities with varying rates of sewage 
flow; detention period; shape of chamber; grit storage; and method of 
cleaning. 

Velocity of Flow.—It is commonly assumed that a velocity of 1 ft. 
per second will permit the deposition of the bulk of the heavier mineral 
solids without including so much organic matter as to render the grit 
offensive. A range of 0.5 to 1.0 ft. per second generally is employed. 
The velocity fixes the cross-sectional area of the chambers. In order 
to keep the velocity within desired limits, it is usually necessary to 
provide two or more independent channels, to allow for fluctuations in 
sewage flow. A separate channel for the dry-weather flow is frequently 
considered desirable. 

Other methods of controlling the velocity of flow in grit chambers are: 
the variation of the width of the chambers at differ' nt depths; the 
provision of either adjustable or fixed outlet weirs, which are designed 
to increase the depth of flow as the rate of sewage flow increases; and 
the control of the rate of pumping, in cases where sewage is lifted to the 
treatment works. 

Gascoigne (2) concluded ^Hhat hopjier-bottom grit chambers lend 
themselves more readily toward producing in practice the theoretical 
velocities used in design.’’ He pointed out the difficulty of maintaining 
theoretical velocities in grit chambers of rectangular cross section, 
where the effective cross section changes as the deposits increase. 

Influent and effluent conduits should be so designed that the sewage 
enters and leaves the chambers with a minimum of turbulence, while 
maintaining self-cleaning velocities. If it is desired to obtain in a grit 
chamber certain limiting velocities for a rather definite period of time, 
the entire length and width of the chamber should be made available. 
To accomplish this, it is commonly necessary to break up the rapid 
thread of the entering stream and cause an even distribution of flow 
through the chamber by flaring the inlet or providing baffles or other 
stilling devices. The type and location of the baffle are found best by 
trial. At the Cleveland demonstration plant good results were obtained 
by placing a set of bar gratings at the head of each chamber. This 
reduced the required length of inlet channels and caused an even 
distribution of sewage as it entered the grit chambers. 

At Albany, N. Y., the velocity of flo\V through a grit chamber, which 
was built in 1916, is controlled by a proportional weir at the outlet end. 
The fixed opening above the crest of the weir is shaped in such a way 
that the discharge is in direct proportion to the head on the weir and 
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the depth of flow above the level of the crest is proportional to the 
quantity entering the chamber. By this means the velocity of flow 
through the grit chamber is kept uniform, regardless of the quantity of 
sewage handled. Outlets of a similar type, illustrated in Fig. 67, have 
been recently installed in grit chambers at Springfield, Ill., and at the 
North Toronto sewage-treatment plant in Toronto, Ont. 

Skinner (2) found that the depovsits in the grit chamber at the Iron- 
dequoit plant in Rochester commenced 15 or 20 ft. downstream from 
the inlet. He suggested that a 12-in. plank baffle, inclined downstream, 
be set across the bottom of the chamber at its upstream end, in order to 
deflect the flow upward, thus obviating the scour on the bottom. This 
baffle, when installed, apparently added about 50 per cent to the 
efficiency of the grit chamber. 



Fig. 67.—Outlet end of grit chambers at sewage-treatment plant, Springfield, III., 
showing proportional weirs. 

Where the underflow from detritus tanks is removed at a constant 
rate to supplementary grit chambers for classification of the materials, 
as is done at Akron and Dayton, Ohio, and the West Side plant in 
Chicago, Ill., the design factors of the grit chambers become more 
definite. 

Detention Period.—The period of detention commonly employed is 
1 min. This fixes the length of the chambers and since, in accordance 
with Hazen's theory of sedimentation, discussed in Chap. XII, the ratio 
of length to depth must not be too great, the effective depth is delimited 
at the same time. Since sedimentation of granular solids is dependent 
to a large extent upon the surface area of the chambers, their width 
should be made as great as possible, while remaining consistent with 
other requirements. The separate units must not be made too wide 
for convenient cleaning or for the maintenance of a uniform velocity in 
the cross section. 

Grit Storage.—Storage space for grit is provided either throughout 
the length of the chambers or by means of one or more pits deeper than 
the remainder of the basins. Observations on different types pf cham- 
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bers at the Cleveland demonstration plant and studies of the quality 
of grit collected by them led to the acceptance of hopper-bottom grit 
chambers for subsequent Cleveland installations. Flat-bottom cham¬ 
bers are simpler in design and less expensive than the hopper-bottom 
type. In large installations, where mechanical equipment for cleaning 
is justified, chambers including hoppers or sumps may be more advan¬ 
tageous than flat-bottom channels. 

When allowance is made for grit storage, some uncertainty is intro¬ 
duced in estimating the velocity of flow through the chambers. Experi¬ 
ments have indicated the freq aent existence, at or near the invert level 
of the influent conduits, of a plane below which stagnation occurs. 
In estimating velocities, some movement below this level should be 
provided for, if the velocity of flo\v through the chamber is to be high 
enough to prevent the settling of organic solids when the grit-storage 
space is clean. Concentration of grit storage in pits may be useful in 
thisr connection, as well as for cleaning purposes. Reduction of the 
cross section below the invert elevation and sei>aration of the flowing- 
through section from the grit-collecting section by mean- similar to those 
employed in Imhoff tanks have also been resorted to. 

Cleaning Grit Chambers.—In addition to giving the grit chamber a 
cross section which will result in suitable velocities, the designer must 
adopt a section which can be easily cleaned. Cleaning is facilitated by 
rounding the intersections of the walls and bottoms and avoiding all 
angles in which sludge can collect. Where the grit is to be removed by 
shovel, the bottom of the pit receiving it may be horizontal, but if 
mechanical cleaning is to be practiced, the bottom should slope to a 
valley or a hopper. In some of the early trough and hopper bottoms, 
the slopes were too flat for the grit to slide down them and there is some 
evidence to the effect that the inclination should be at least 45 deg. 

There are a number of ways of cleaning grit chambers, the choice of 
cleaning devices depending largely upon the size of the plant and the 
frequency of cleaning required. The methods may be classed as hand 
cleaning, mechanical cleaning and hydraulic cleaning. 

Hand Cleaning.^—At small plants hand cleaning is commonly em¬ 
ployed, the grit being shoveled into containers varying in size from 
buckets to industrial railway cars. The containers are lifted out of 
the chambers by hand hoists or by power-driven stationary or movable 
cranes. Hand cleaning requires the unwatering of the chambers. This 
is commonly accomplished either by gravity or by fixed or portable 
diaphragm or centrifugal pumps. 

Mechanical Cleaning.—Devices fdr mechanical cleaning of grit 
chambers take the form of bucket elevators, scrapers and clamshell 
buckets on mounts of various types. These permit cleaning with¬ 
out unwatering and during operation, although chambers are often 
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unwatered and by-passed during mechanical cleaning, where this is not 
strictly necessary. Where basins are cleaned by clamshell buckets, it 
may be desirable to prevent injury to the floors by protecting them with 
some hard covering, such as rails, granite-block pavement or steel 
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Section A-A 
Fig. lis.—Dorr detritor. 


plates. Continuous cleaning by mechanical devices, notably scrapers, 
is coming into use. 

The Dorr detritor,'' shown in Fig. 68, is designed as a square basin 
with rounded corners and equipped with a machine for the collection 
and removal of grjt. Plows, mounted on four radial revolving arms, 
carry the grit to an inclined channel along one side of the basin. A series 
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of reciprocating rakes move the grit up the inclined floor to the discharge 
point at the upper end. While passing up the incline, organic solids 
are separated from grit and carried back into the basin through a 
special opening. By this method a cleaner, dryer grit is said to be 
obtained than is possible by the ordinary methods of cleaning. Two 
units 55 ft. square, with a combined capacity of 150 m.g.d., have been 
provided at Providence, R. I. Two units at Erie, Pa., each 30 ft. 
square, are designed for a tctal flow of 100 m.g.d. 

The Link-Belt grit collector and washer is snown in Fig. 69. The 
conventional rectangular shape of the grit chamber is retained and 
designed for a maximum velocity of 1 ft. per second. Collectors move 
the settled material from one end of the tank to the other, the flights, 
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Fig. 09. —Link-Belt grit collector. 

set at an angle to the direction of travel, pushing the detritus to one 
side of the tank and discharging it into a screw conveyor. The detritus 
is elevated and discharged into hoppers or containers. It is said that the 
heavy organic matter which settles with the grit is separated by the 
washing action of the screw and goes out with the effluent. Two units 
with a combined capacity of 75 m.g.d. are provided at Peoria, Ill., and 
four units with a total capacity of 172.5 m.g.d. have been installed at 
the joint sewerage works for twelve municipalities in Elizabeth, N. J. 

Hydraulic Cleaning.—^The principal devices for hydraulic cleaning of , 
grit chambers are eductors, sand dredges and monitors. The first two 
devices lift the grit out of the chambers ^ a watery slush. Eductors are 
commonly connected to pits, while sand dredges may travel the length of 
the chambers. Monitors are fire nozzles that direct a stream of water 
from some central point into the chamber and flush the deposits out 
through pipes in the sidewalls or bottom of the chamber. They are 
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particularly applicable to side-hill locations and one has been used in a 
grit chamber thus located at Fitchburg, Mass. 

Sand ejectors were tried out at the Cleveland demonstration plant, 
but it was found that grit containing tar products and stones that 
varied in size from 0.5 to 1.5 in. could not be removed with the ejector 
installed. It was concluded that, if sand ejectors are to be used satis¬ 
factorily, the sewage must be fine-screened before entering the grit 
chamber. 

Theoretical Study of. Grit-chamber Performance.—As suggested 
by Skinner, the design of grit chambers can be studied on the basis 
of Hazen’s theory of sedimentation (2). The latter is outlined in 
Chap. XII. To illustrate this approach, let it be required to investigate 



Flo. 70.—Grit chamber at Irondoquoit plant,- Rochester sewage works. {After 

Skinner.) 


the theoretical iierformance of the grit chambers at the Irondequoit 
plant of the Rochester sewerage system. A plan and a longitudinal 
section of one of the six chambers are shown in Fig. 70. 


If a velocity of 1 ft. per second, a freeboard of 0.5 ft. and a deposit of 
grit of 3 ft. are assumed, the characteristics of each chamber are as follows: 
Area h = 900 sq. ft. 

Effective depth h = 5.5 ft. 

Length I = 90 ft. 

7 C)0 

Ratio of length to depth ~ ^ 

Mean velocity of flow V = 1 ft. per sec.,ad 
Detention period a = =90 sec. 

Rate of sewage flow e = 1 X 5.5 X 10 = 55 c.f.s. 



hv 900 X V 
e "' 5rx304.8i 


= 0.0537V 


Since this is a continuous bvsin without baffling, the highest line in Fig. 77 
applies. If the values of a/t corrcisponding to certain percentages of 
removal of suspended matter are taken from the curve or computed from the 

formula x * findings can be arranged in tabular form as 

below. Results of computations for v = q \ given in Column 3 and 


> To convert to mtlUmeters. 
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the diameters of particles removed, corresponding to the various hydraulic 
subsiding values as taken from Fig. 76, are shown in Columns 4 and 5. 


Suspended 
matter 
removed, 
per cent 

all 

Hydraulic 
subsiding 
value V, 
mm. jK‘r 

sec. 

Diameter of particle 
d, mm. 

Suspended 
matter 
remaining, 
per cent 

Mineral, 
sp. gr. 
2.65 

Organic, 
sp. gr. 

1.2 

10 

0.11 

I.O 

0.05 

0.2 

90 

20 

0.25 

4.7 

0.08 

0.4 

80 

30 

0.43 

8.0 

0.12 

0.7 

70 

40 

0.67 1 

12.5 j 

0.14 

1.2 

60 

50 

1.00 

18.6 

0.18 

2 

50 

e 60 

1.50 j 

28.0 i 

0.27 

4 

40 

70 

2 33 

43.4 

0.43 

>10 

30 

75 

3.00 

55.9 j 

0.56 


25 

80 

4.00 

74.5 

0.75 


20 

85 

5.67 

106 • 

i. 1 


15 

90 

9 00 i 

i 16H ' 

2.2 ' 


10 

95 

, 19.00 i 

i 354 

>10 ' 

i ’ ’ * ’ X 

5 

99 ! 

I 99.00 i 

! 1,850 



1 


If it is assumed that the theoretical results measure conditions with a fair 
degree of accuracy, the di/Ttuential action of a grit chamber of this type is 
quite apparent. While more than 50 per cent of the mineral matter 0.2 
mm. in diametc^r is reinov(*d, only 10 per (;ent of the organic matter of this 
size is deposited. While 00 per cent of the mineral matter 2 rnm. in diameter 
settles, only 50 per cent of t lu* organic inatttT of this size is removed. 

Instead of approaching the problem in this way, it is possible to 
develop approximate formulas for qse. From the equation a/t = bv/e 
the following formulas are obtained by expressing v in terms of d, as 
on page 311: 

1. For particles smaller than about 0.1 mm. 

I u € 60 \ ^ 

(a) Specific gravity 2.65; d = 0.665^^- ^ 5 ^ TM^O/ 

(b) Specific gravity 1.2; d == 1.00^^ ^ ^ 

2. For particles between 0.1 and I min. 

a c 60 

(а) Specific gravity 2.65; d 3.05 X ^ X X jrqp^Q 

■' (j £1 60 

(б) Specific gravity 1.2; d = 25.2 X ^ X ^ X y 
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In thesje formulas e/6 represents the cubic foot per second of sewage 
treated per square foot of surface and the values of a/t for each type of 
sedimentation unit must be taken from the curves in Fig. 77 or from 
the corresponding equations. 

Vertical-flow Grit Chambers.—Blunk (3) has designed a vertical-flow 
grit chamber for the Bochum plant in Germany, in which the sewage 
is led through a vertical pipe down into a tank and then flows vertically 
upward through one or more chambers, according to the variation of 
flow. From experiments, Blunk has found that the greatest settling 
velocity of individual particles of organic matter lies between 0.098 and 
0,131 ft. per second and that, if the water in a grit chamber has an 
upward velocity of about 0.197 ft. per second, it is reasonable to expect 
that organic matter will ])ass through the grit chamber but sand of a 
size greater than 0.28 mrn. will be retained, for the most part. The 
Bochum installation is designed for a minimum flow of 13.8 c.f.s. and 
a maximum of 35.3 c.f.s. The chamber is 9 ft. 8 in. in diameter and 
33 ft. 7 in. deep, from the top of the wall to the bottom of the grit- 
collection pit, which has a storage capacity of 600 cu. ft. 

Character and Quantity of Grit.—As determined by the loss-on- 
ignition test, the i)roportion of organic matter in grit may vary from 
10 to 50 per cent. The higher values arc commonly associated, how¬ 
ever, with too low velocities. At Byracuse and Cleveland, grit con¬ 
taining 10 to 15 per cent volatile matter is said to be inoffensive. As 
previously stated, much of the volatile matter, such as coal, cinders and 
seeds, is nonputrescible or nearly so. Inclusion of such solids in 
grit may not be objectionable. From a sieve analysis of grit from the 
Irondequoit plant at Rochester, Skinner (2) concluded that 

Seeds, together with particdcs of coal, are the principal objects which 
give loss-on-ignition. Neither the seeds nor the particles of coal pass the 
20-mesh sieve [size of opening, 0.83 inm. or H 2 hi.], which fact readily 
accounts for the 37 per cent loss on ignition above this size and only 15 per 
cent below it. 

He stated further that the specific gravity of the finer material was 
2.23, approaching that of silica, whereas that held on the 20-mesh sieve 
was 1.45. ; . 

Methods of determining hdw much of the volatile matter is putrescible 
have been described by Fischer (4). Working on grit from Salem, Ohio, 
Fischer found that, whereas the volatile matter in nine samples of grit 
varied from 8.18 to 46.30 per cent, the putrescible matter amounted to 
only 3.07 to 4.31 per cent. 

The specific gravity of grit is about 2.0 and it contains about 35 per 
cent void space; Its weight is therefore about 85 lb. per cubic foot 
when dry and slightly morp than 100 lb. per cubic foot when wet. 
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The quantity of grit is usually expressed in cubic feet, cubic yards or 
pounds per million gallons of sewage. The quantity of grit deposited 
depends not only upon the design and operation of the chamber but also 
upon a number of characteristics of the sewerage system. Among 
the latter are: separation of storm water and sewage; topography and 
surface of the sewered area, in particular the nature of street and yard 
paving; capacity of intercepters as compared with dry-weather and 
storm flows; sewer grades; efficiency of catch basins and their cleaning; 
tightness of sewers; and nature of industries. 

With a velocity of 1 ft. per second and a detention period of 1 min., 
the average quantity of grit deposited is commonly from 2 to 3 cu. ft. 
per mil. gal. These values, while of service in deciding upon the 
quantity of grit to be handled and disposed of, cannot be used in fixing 
the storage capacity of grit chambers. For the latter, the quantity of 
grit deposited during stbn is between cleanings commonly controls. 
To allow for maxim\>m storm demands between cleaning operations, 
grit storage of 10 to 30 cu. ft. per mil. gal. generally is provided, the 
l)articular allowance dependmg upon many conditions. With these 
values, periods between cleanings may drop from an annual average of 
two weeks to only a few days at times of successive storms. In northern 
climates a winter suspension of cleaning up to six weeks is common. 


Table 58.—Quantity and C'nAR.4rTE»t of Material from Grit Ciia.mbers 


Plant 

Sewage 

flow, 

ni.g.d. 

(Quantity 
of grit, 
cu. ft. per 
mil. gal. 

Per cent 
volatile 
solids 
in grit 

Character 

of 

grit 

Authority 

Cleveland, Ohio 






Easterly plant. 

Upstream hopper. 

Downstream hopper. 

83.7 

.... 

2.07 

13.7 

27.7 

Inoffensive 

Gascoigne (2) 

Westerly plant. 

Upstream hopper. 

Downstream hopper. 

14.8 

2.(M) 

9.9^ 
10.4^ 

Inoffensive 

Gascoigne (2) 

Guelph, Ont. 

2.0 

0.33 

3 

Inoffensive 

Dallyn (2) 

Kitchener, Ont. 

lluchester, N. Y. 

0.8 

12 


Inoffensive 

Dallyn (2) 

Irondequoit plant. 


2.602 



Skinner (3) 

St. Thomas, Ont. 

1.5 

3 

25 


Dallyn (2) 

Stratford, Ont. 

1.2 

4 

75 


Dallyn (2) 

Syracuse, N. Y. 

21.2 

2.16 

6~10 

InoffeiLsive 

Holmes and 
Qyatt (5) 

Toronto, Ont. 

61.8." 

3.2 

20 


Dallyn (2) 

Woodstock, Ont. 

1.4. 

3.0 

!_: 


\’ery 

offensive 

Dallyn (2) 


> Discarding samples^ in whicii iar and iiiaHh were present. 

> Nine-^yei^r average. 
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Where the grit is removed continuously, the chambers and equipment 
must be able to cope with the grit load caused by the maximum storm. 
The quantity and character of grit removed at some plants are given 
in Table 58. 

The character of the grit deposited in the grit chamber at the Cleve¬ 
land demonstration plant was studied by Gascoigne, who reported as 
follows (6): 

Two mechanical analysry were made of th(i deposited grit . In one the 
grit was thoroughly washed with water, while in the other the wash w'as 
with dilute hydrochloric aci«l. Both samples were originally black and 
contained a very small amount of organic matter. The sample washed with 
water remained black aft(*r washing, and although the sand grains of the 
grit which were washed with acid did not become clear, yet a large per cent 
of ferrous sulphide was removed as evi<Ienced by the strong odor of hydrogen 
sulphide after the addit on of the a< id. Table 59 records the results of 
these mechanical analyses together with that of the lake sand which is 
washed upon the bea<;h opposite the submerged outlet. 

Disposal of Grit.— The method of grit disposal in any particular plant 
depends on the quantity and character of the grit as well as upon local 
conditions. It has been mentioned that at Cleveland, Ohio, the grit 
contains about 15 per cent volatile matter and is used for filling low- 
lying areas in a residential section. In the Fhnscher District, Germany, 
clean sand removed from grit chambers is used for resurfacing sludge¬ 
drying beds. At Syracuse, N. Y., the grit is used for resurfacing road¬ 
ways and walks and for covering rakings removed by coarse and fine 
racks, with no noticeable odors from the deposits. According to 
Skinner (2), grit is of value for mixing with soil in the raising of certain 
garden crops, notablj'' cucumbers, squashes, melons and tomatoes; 
like cinders, it is also useful as a top dressing for dirt or gravel paths and 
drives for light or occasional traffic. Washing the grit for the removal 
of offensive organic material prior to disposal has been undertaken, 
sometimes with indifferent success. 

Filling is probably the most common method of disposal and where 
grit of good quality is obtained, the use of such grit for covering screen¬ 
ings, W'hich are to be disposed of at the same time, is advantageous. 
As mentioned in Chap. X, an incinerator plant has been installed 
recently at Milwaukee to dispose of mixed grit and screenings. 

American Grit Chambers.—The design characteristics of a few 
American grit chambers are given in Table 60. Among these installa¬ 
tions, one of the Rochester chambtirs is illustrated in Fig. 70 and a plan 
and sections of the Cleveland chambers are shown in Fig. 71. A view 
of the North Toronto grit chambers is given in. Fig. 72. 

Gascoigne (2) gives the following additional information in regard 
to the grit chambers at the Easterly plant in Cleveland: 
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S ec*fion A-A 

Fig. 71.—Grit chambers at Easterly sewage works, Cleveland. 
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Population served: 676,000. 

Average daily flow, 1923-1926: 83.6 million gal. 

Average dry-weather flow, design value: 92 m.g.d. 

Capacity of each chamber: 12 to 24 m.g.d. 

Detention period: 60 to 120 sec. 

Grit storage space: 13 cu. yd. per pair of hoppers = 156 cu. yd. in all 
12 chambers. Additional space below flow line of outlet conduit, 243 
cu. yd. Available capacity for maximum flow, 1.38 cu. yd. per mil. gal., 
and with 25 per cent ineffective, 1 cu. yd. 

Frequency of cleaning, 1923-1925: 5 to 36 days, average 16 days 
Method of cleaning: electrically operated grab bucket, traveling on a 
monorail system, loading into industrial cars 
Racks: two bar racks, the first with IJ/^-in. openings, tlio second with 
openings. 

Cost: $1246 per mil. gal. maximum daily capacity for grit chambers and 
essential appurtenances. 

At the Syracuse plant, the number of grit-chamber compartments in 
service depends upon the rate of sewage flow, one compartment being 
used for 18.3 m.g.d. or less, two for 18.3 to 36.7 m.g.d. and three for 
flows of 36.7 to 55 m.g.d. (5). The compartments are cleaned, without 
unwatering, by a clamshell bucket, which fits the width of the chamber. 
For protection, rails are embedded in the bottom of the chamber. 
The bucket and traveling hoist are operated from an overhead-monorail 
track system and are controlled by an attendant in a cab, which is an 
integral part of the traveling mechanism. The chamber is ordinarily 
cleaned once a week. Daily removal of grit is usually necessary, how¬ 
ever, during times of melting snow and following heavy precipitation. 

At Rochester the grit chambers are unwatered and drained for a few 
days before excavating the grit, which is loaded by hand into the body 
of an industrial car, lowered into the chamber by a crane. After the 
car body has been filled, it is replaced on its truck and, when a train has 
been made up, an industrial locomotive hauls it away to a dump. 

SKIMMING TANKS 

A skimming tank is a chamber so arranged that floating matter rises 
and remains on the surface of the sewage until removed, while the 
liquid flows out continuously tiirough deep outlets or under partitions, 
curtain walls or deep scum bo;j^i^ds. 

The object of skimming tanks is the separation from the sewage by 
flotation of the lighter, floating substances. The material collecting on 
the surface of skimming tanks, whence it can be removed, includes oil, 
grease, soap, pieces of cork and wood, vegetable debris and fruit skins, 
originating in household and industry. 

The use of skimmmg tanks for l^e treatment of municipal sewage is a 
relatively new development, brought about by the increased use of oil 
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for domestic and industrial purposes and the discharge of waste oil and 
grease into the public sewers from garages. In nonmanufacturing 
communities the ether-soluble matter is commonly estimated at 20 gm. 
per capita daily, or over 8 tons per 1000 population yearly, This is in 
itself a considerable quantity and is greatly increased by sudden dis¬ 
charges of oily and greasy wastes in relatively large quantities that may 
not appear in the usual anabases. Not all of this material, however, 
will rise to the surface of skimming tanks. Much of it is found as a 
coating on heavier particles and escapes with them. 

Design of S k i mm i n g Tanks.—Most of the American skimming tanks 
in existence or under construction are elliptical or circular in shape and 
provide for a detention period of 1 to 15 min. The outlet, which is 
submerged, is situated opposite the inlet and at a lower elevation, 
to assist in flotation and tr» remove any solids that may settle. The 
characteristics of three Amerit an tanks are listeil in Table 61. 


c 

Table 61.—Design Characteristics of Skimmimq Tanks 



Washington, 
D. C. 

Toledo, 
Ohio j 

Akron, 

Ohio 

Quantity of sowagft treated, 
in.R.d.: 

Average. 

85 

i 

21 

33 

Maximum. 

101 

94 

Average detention period, min. 

Num})er of tanks. 

Shape . 

1 

1 

Egg-shaped 

22.75 

1.8 

1 

Elliptical 

21/ 

12.6 

2 

Cm* alar 

Length, ft. 

Width, ft. 

16 

lal 

55 (diameter) 

Maximum depth, ft. 

19 

23 

12 

Inlets: 

Size, ft. 

5 (diameter) 

1 

6 

6 (diameter) 

12 

4X3 

Depth of invert below flow 
line, ft. 

5 

Outlets; 

Size, ft. 

5 (diameter) 

16 

5 (diameter) 

23 

3.5 X 3.6 

Depth of invert below flow 
line, ft. 

8 



Aerated Grease-separating Taidcs.—The removal of oil and grease 
from sewiige appears to be facilitated by a short period of aeration. 
This may be due, in part, to causing the separation of oil and grease 
from heavier sewage particles to which they adhere, thus enabling the 
former to float to the surface; in part to promoting the coalescence o£ 
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the oil particles, and in part to adhesion of oil and grease to the small, 
rising air bubbles which carry them to the surface. 

Several systems have been developed in conjunction with the aera¬ 
tion, separation and collection of oil and grease. ImhofP has built com¬ 
bined aerating and skimming tanks at several plants in the Ruhr district 
in Germany. These tanks are rectangular in plan with trough-shaped 
bottoms. Detention periods of about 3 min. are employed. Each 
tank is divided into three sections by longitudinal vertical baffles. The 
central section is aerated, as by means of air diffused from porous plates 
set in the bottom. The scum collects in the compartments on either 
side of the aerated section and then is removed from the tank. Aerated 
skimming chambers of this type have been installed at Pasadena, Cal., 
and Springfield, Ill. 

At Whittier, Cal., there is a pre-aerating chamber, 40 ft. long, 10 ft. 
wide and 9 ft. deep, followed by a skimming chamber 10 ft. square, 
where the scum is collected in a trough and the effluent is drawn from the 
bottom. The aeration system is of the ridge-and-furrow type, described 
in detail in Chap. XXVI. 

Recently the tendency has been to provide a short period of aeration 
in tanks or channels preceding sedimentation tanks, which are equipped 
with skimming devices. At San Antonio, Tex., air-diffuser plates have 
been installed in the distribution channels leading to the preliminary- 
sedimentation tanks. The sewage is subjected to a short period of 
aeration and the oil, grease and other floating matters are collected by 
skimming arms on the Dorr traction mechanisms within the sedimenta¬ 
tion tanks. 

At Lancaster, Pa., diffuser plates have been placed in the influent 
channels of preliminary-sedimentation tanks. As reported by Laboon 
(7), aeration is provided for the purposes of keeping the solids in suspen¬ 
sion, assuring suitable distribution of sewage between two tanks and 
assisting in the accumulation of grease. The scum is concentrated at the 
effluent end of each tank by a mechanism of the scraper-conveyor type 
and provision is made for skimming the ^ease to the side of the tank, 
whence it is conducted through an 8-in. pipe into a scum pit. The 
skimmings are removed from the pit into a can for transportation to an 
incinerator in the rack house. 

The District of Columbia aewage-treatment plant, which is being 
designed in 1935, includes aerated grease-separating tanks giving a 
4-min. detention period. The oil, grease and other floating matter will 
be skimmed mechanically from the surface of plain-sedimentation tanks. 

In tanks where sludge-removal mechanisms are not readily adaptable 
for skimming, a system of water piping with small nozzles, as developed 
by Allen in the Fitchburg, Mass^ Imhofif tanks, may be of value. The 
nozzles, which are liorizontal hacksaw cuts in vertical pipe§, discharge 
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jets of water almost horizontally over the surface and drive the accumula- 
tion of oil and grease to collection points. An installation of this type 
in the preliminary-sedimentation tanks at the North Toronto plant, 
Toronto, Ont., illustrated in Fig. 73, has given good results. 

Provisions for skimming the surfaces of sedimentation units are 
further described in Chap. XII. 

Skimming-detritus Tanks.—In the tanks designed for Akron, Ohio, 
separation of the heavy, raadily settling solids and of the light, floating 
materials is effected in a single unit called a skimming-detritus tank, 
which is illustrated in Fig. 7 a. The characteristics of this tank have 
been given in part in Table 01. Floating wooden booms skim the 
grease from the surface of the 
tank and concentrate it in front 
of an adjustable weir, ^ ver 
which it is pushed onto a drain- 
injf bed. Dorrco plowi, similar 
to those employed in mechani¬ 
cally cleaned settling tanks, move 
the grit and other solids settling 
from the sewage to a central 
hopper, whence it is pumped 
with about 20 per cent of the 
average sewage flow to grit 
chambers equipped with scraper 
plows. Here the real separation 
of grit takes place. After fine 
screening, this so-called “under¬ 
flow” discharges into th^ main 
conduit of the plant and reunites 
with the main body of sewage that has passed directly through the 
skimming-detritus tanks. The plants at Allentown, Pa., and Dayton, 
Ohio, have skimming-detritus tanks of a similar type. 

At the West Side plant of Chicago, there are eight skimming tanks, 
each 105 ft. long, 66 ft. wide and with a water depth of 11 ft. These 
tanks provide a detention period of 15 min. at average flow and are 
designed to remove the oil and other scum-forming material, as well as 
to separate the grit from the sewage. The tanks are provided with 
mechanical equipment of the scraper-conveyor type, for removing the 
bottom sludge and surface scum. About 15 per cent of the average 
sewage flow is withdrawn with the bottom sludge and passed through 
grit chambers. The effluent of the grit chambers is pumped to the 
influent conduits leading to the Imhoff tanks. Five mechanically 
cleaned fine bar racks, each 10.5 ft. wide with 1-in. clear openings, are 
provided for screening the sewage before it enters the skimming tanks. 



Fig. 73. —Skimming nozzles in pre¬ 
liminary-sedimentation tanks at North 
Toronto sewage treatment plant, 
Toronto, Ont. 
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Removal and Disposal of Skimmings,—The materials collected on 
the surface of skimming tanks are commonly removed by hand. They 
are either dipped up or are collected on perforated trays that arc dragged 
through the sewage until covered with floating materials. As previously 
noted, removal is greatly aided by driving scum to collecting points or 
into collecting bays or troughs by means of moving arms or jets of water. 
It is possible to draw the scum hydraulically from the bays or troughs. 
If the material has been dipped up or for some other reason contains 
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Fig. 74.—Diagrammatic sketch of skimming-detritus tanks at Akron, Ohio. 


much water, it is sometimes placed in separating tanks, from which the 
water is drawn off, or in drainage boxes, • »r it is discharged on to drying 
beds similar to sludge-drying beds. The drained material may be 
buried, burned or mixed with dried sludge and used for filling. 

Keefer and Kratz (8) have reported favorable results in tests on the 
digestion of scum collected from the preliminary-sedimentation tanks at 
Baltimore. They find that^itum digests at least as rapidly as sludge 
and perhaps more so. At the North Toronto plant in Toronto, Ont., 
skimmings from the preliminary-sedimentation tanks have been dis¬ 
posed of by digestion with sludge for several years. 

During 1930, the Committee on Sewage Disposal of the American 
Public Health Association investigated the operation of sewage-treat¬ 
ment plants from the standpoint^! scum and floating solids and reported 
tbat floating solids from the settling compartments, aside from oil, are 
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sometimes collected and incinerated, but more frequently are placed in 
the digestion compartment” (9). 

At Springfield, Ill., an attempt was made to dispose of skimmings in 
digestion tanks. The practice was abandoned after one month, because 
trouble was experienced with the digestion process, “probably due to 
the grease” (10). 

Banta (11) reports that, at the joint disposal plant of the Los Angeles 
County Sanitation Districts, the disposal of skimmings by digestion in the 
main digestion tanks, together with primary sludge and excess activated 
sludge, resulted in increasing difficulty with drying digested sludge. 
He states : 

The sludge, when placed on the heds, had a slimy, mushy, dull appearance 
and failed to give up its water readily, cither by percolation or by evapora¬ 
tion. Additional digestVm ninie was provided in a lagoon with the belief 
that the digestion time was too short, but the added capacity made no 
appreciable improveincm in the drying qualities of the sludge. The practice 
of digesting the skimmings in th<^ same tanks with raw and activated sludge 
from the main plant was then discontinued. . . . The drying quality of 
tlie digested sludge improved gradually as the skimmings were displaced 
from the digestion cycle. 

The skimmings, which amounted to 4300 lb. daily and had a moisture 
content of 80 per cent, then were drained on sand beds and burned in an 
experimental incinerator at an estimated operating temperature of 
1700®F. Banta states that, \vhile the incineration process has not been 
odorless, the odors produced are not oVqectionable or persistent. He 
believes a higher operating standard could be maintained with a firebox 
built of firebrick and operating at a temperature in the vicinity of 
2400®F. 

At Lima, Ohio, according to O’Brien (12), an attempt was made to 
burn skimmings in an incinerator which had been installed to burn 
screenings. The temperatures of combustion were so high that they 
caused the chimney to crack. The skimmings then were hauled to a 
low place, ignited periodically and allowed to burn in the open. 

Little information is available on the quantity of floating matter that 
readily can be removed from sewage. At Washington, D. C., about 
100 lb. per day are obtained from 85 mil. gal. of sewage; at Worcester, 
Mass., about 100 cu. ft. of oil and grease per 1000 population were 
skimmed from the surface of Imhoff tanks during 1926. At North 
Toronto, Ont., the average monthly quantity varies from 0.5 to 2.5 cu. ft. 
per mil. gal. of sewage. The average quantity removed at Allentown, 
Pa., during the year 1930 was about 0.5 cu. ft. per mil. gal. The 
average quantity removed at Dayton, Ohio, from April to October, 
1930, was 0.4 cu. ft. per mil. gal. of sewage flow, the maximum for one 
day being 3.4 cu. ft. per mil. gal. 
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The quantity of skimininj;s removed from tanks at various treatment 
plants, as reported in 1930 to the Committee on Sewage Disposal of the 
American Public Health Association, is given in Table 02 (9). 

Table 62.—Quantity of Floating Matter Skimmed from Tanks at 
Various Treatment Plants 


Location of Plant 

Akron, Ohio. 

Aurora, Ill. 

Cleveland, Ohio: 

Southerly plant. 

Westerly plant. 

Fitchburg, Mass. 

Sturgis, Mich. 

Syracuse, N. Y. 

Worcester, Mass. 

1 After drying to 33.8 per cent moisture. 


Skinimings Removed, 
Cu. Ft. per M.G. of 
Sewage Flow Treated 
0 . 20 » 

.... 1.25-1.50 


0.3 

3.84 

0.58 

5.0 

0.34 

0.1 


Grease Traps.—Grease traps are in reality small skimming tanks 
connected with a house or industrial sewer. As they are situated 
close to the source of grease, which is often dischargtHl with hot water, 
it is essential that they be given sufficient capacity to permit the sewage 
to cool and the grease to separate after congealing. Grease traps are 
employed at many manufacturing plants, garages, hospitals and hotels. 
A number of proprietary-tank patterns are in use. In most of them 
the inlet is situated below the surface and the outlet at the bottom. 
To be efficient they must be large enough to hold and, if necessary, 
cool the sudden discharges of oily or greasy w^astes and they must be 
cleaned frequently and regularly. In many cases neither of these 
Tequirements is met. In the army cantonments constructed during 
• the World War, a capacity of 300 gal. was found desirable to serve a 
250-man kitchen. 


STORM-WAT]?R TANKS 

In this country little provision is made for the treatment of more 
than two or three times the ayt’srage dry-weather flow from combined 
sewers, although storm flow^!i^y reach many times this rate. Custom¬ 
arily, the excess overflows automatically at relief points and is discharged 
into natural waters without treatment. In England and Germany, 
where normal per capita flows are relatively small, provision is often 
made for partial treatment of a portion or all of the storm flow in excess 
of that passing through the main sewage-treatment plant, at least to 
the extent of the jemoval of grit and detritus, in so-called storm-water 
6tand-htj tanks. For ordinary storms a detention period of 20 to 30 min. 
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is frequently provided. A few similar tanks have been built in Canada 
and the United States. 

Design of Storm-water Tanks.—The most imfx)rtant function of 
storm-water tanks is the retention of putrefactive solids which may 
accumulate on the })ed of the diluting waters and continue to give trouble 
as they decompose. The tanks serve to catch the first flush of storm 
water which usuallj'’ contains large amounts of susp<^nded matter. 
During protracted storms, streams generally flow freel}" and thus are 
capable of carrying along much solid matter in suspension. 

Temple (13) advises, for normal conditions, the provision of storm¬ 
water tanks 120 ft. long, of such cross section as to reduce the velocity 



Fig. 75. —View of storm-water .stand-by tank at North Toronto sewage-treatment 
plant, Toronto, Ont. 


of all that passes the overflow weir, by-passing the main treatment plant, 
to 0.1 ft. per second. 

North Toronto Storm-water Stand-by Tank.—The North Toronto 
sewage-treatment plant at Toronto, Ont., was designed for the complete 
treatment of a maximum rate of sewage flow of 12 million U. S. gal. 
daily. The capacity of the combined sewer to the plant is about 
920 m.g.d. A storm-water stand-by tank, shown in Fig. 75, is provided 
for treating all flows in excess of 12 m.g.d. The tank is rectangular in 
shape, 70 ft. long by 103 ft. wide, an’d has an average water depth of 
10 ft. The water capacity is about 66,700 cu. ft. The detritus channel, 
forming part of the tank, is 103 ft. long, 20 ft. wide and 11 ft. deep. 
This channel must be filled befor^i the tank proper goes into operation. 
Much of the heavy detritus settles in this compartment. 

After a storm, the supernatant liquor is drawn off and passed through 
the sewage-treatment plant. ^Phe detritus is agitated with streams of 
water from monitors and the lighter material washed out flows to a 
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pump sump and is returned to the influent of the treatment plant. 
The heavy detritus is excavated with a clamshell bucket operated 
from a gantry crane and is transported over an industrial railway 
system to sludge dumps. 

Columbus Storm-water Tanks.—^An installation of storm-water 
tanks on each of two interceptors has been made at Columbus, Ohio, 
for the treatment by sedimentation of storm flows in excess of the 
maximum dry-weather rate of flow provided for at the main sewage- 
treatment plant (14). At the Whittier St. installation, when a storm 
occurs and the flow in the intercepting sewer, which at the storm tanks 
has a capacity of 680 c.f.s., exceeds the rate desired to pass down to the 
treatment plant, the excess flow discharges into one or more of the 
three storm-water tanks. A control house is provided for regulation 
of the quantity to be treated at the main treatment plant. If the excess 
storm flow continues for a sufficiently long period of time, the tanks 
fill up and overflow to the river. The overflow from the tanks is baffled 
to prevent floating material from passing out over the outlet weirs. 

The arrangements are such that either one, two or three of the tanks 
can be opened to the intercepting sewer at one time. It is planned, 
however, normally to have only one tank connected. Under storm 
conditions, when this tank is nearly full, a second tank is automatically 
opened to the sewer. When this tank is nearly full, the third tank 
comes into service and, with the excess storm flow still continuing, all 
tanks overflow. The operation of the tanks can be controlled either 
automatically at the control house or manually at the tanks. 

After the storm is over and when the rate of flow in the intercepting 
sewer falls to less than the maximum rate desired to pass to the sewage- 
treatment plant, the tanks are drained to the intercepting sewer. 
When the tanks have been drained, the deposited sludge is flushed back 
into the intercepting sewer and passed on to the treatment plant for 
segregation, treatment and disposal. The three units have an aggregate 
capacity of 4,011,000 gal. Each unit is 105 ft. long by 187 ft. wide, 
with provision for a water depth to overflow of 9.43 ft. 

At Alum Creek there is a single unit, which performs a function 
similar to that of the three units at Whittier St. The tank is covered 
and is 106 ft. long by 181.25 ft, wide, with provision for a water depth 
to overflow of 10.25 ft. The ^Jfotetive capacity of the tank is 857,000 gal. 

Cost of Construction, Ope^tion and Maintenance.—The cost of 
grit chambers is dependent upon the type, size, elements of design, 
provision of mechanical equipment for cleaning, depth of excavation 
and locality. The unit cost may vary from $300 to $1250 per mil. gal. 
daily maximum capacity. The average cost of a number of installations, 
based on the average sewage flow provided for, was $1200 per mil. gal. 
daily. ** ^ 
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The eost of operating grit chambers depends upon the quantity of 
grit deposited and the method of grit removal and disposal. The cost 
ranges from $0.50 to $1.00 per cubic yard of grit removed and disposed 
of. The cost at Worcester, Mass., during 1928 was $0.61 per cubic yard 
and $0.70 per mil. gal. of sewage treated. 

The cost of skimming tanks does not differ materially from that of 
plain-sedimentation tanks. Unit costs of $0.60 to $1.00 per cubic foot 
of water capacity, including skimming equipment, are representative. 
The cost per mil. gal. daily average sewage flow provided for varies from 
$1500 to $2500. Based on the population of design, the cost per capita 
varies from 15 to 25 cents. The cost of the skimming-detritus plant 
at Dayton, Ohio, including skimming-detritus tanks, grit channels and 
equipment, pumps, screens, pre^s, incinerator and building, was about 
$128,500, equivalent to son^e $5000 per mil. gal. daily average sewage 
flow and $0.50 per capita on the basis of design 
^The elements of cost; mvolved in the operation of skimming tanks and 
skimming-detritus plants may include the removal and disposal of 
skimrnings, power for mechanical units, pumping of underflow, removal 
and disposal of grit, and pressing, incineration and disposal of screen¬ 
ings. The cost of disposal of grit and screenings has already been 
discussed. The i)()wer for mechanical equipment in skimming tanks 
is about the same as that required in plain-sedimentation tanks of 
equivalent sizes. When the underflow is pumped, as at Akron and 
Dayton, Ohio, and Allentown, Pa., the cost of raising about one-fourth 
of the sewage flow 6 to 10 ft. must be included. This may amount to 
$0.50 to $0.90 per mil. gal. pumped or $0.15 to $0.25 per mil. gal. of 
sewage flow. The skimrnings are usually disposed of with the screenings 
and at similar unit costs. 

There are only a few installations of storm-water tanks in this country. 
The total cost of the Columbus tanks built in 1930 was about $;679,000. 
The cost of the North Toronto storm-water tank, built in 1928, was 
about $50,000. It was designed for a combined system ultimately 
serving 175,000 persons. On this basis the cost was about $0.29 per 
capita. 

The operation of the North Toronto storm tank involves cleaning 
the tank and excavating the grit by means of a gantry crane. The 
grit is carried to the sludge dump in industrial cars. The cost of 
operation amounts to about $1 per cubic yard of grit removed. During 
the period from June to October, inclusive, 1930, the total quantity 
of detritus removed was 555 cu. yd.. 
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CHAPTER XII 


PLAIN SEDIMENTATION 

Sedimentation is the subsidence and deposition of suspended matter 
in a liquid by gravity (1). Applied to sewage treatment it is the process 
by which the suspended matter in sewage subsides and is deposited by 
gravity. The term plain sedirnentation is used to distinguish the 
simplest form of this process, unaided by chemicals or other special 
means, such as contact aerators, to induce deposition of solids which 
otherwise would not settle. » Generally it is taken also to mean the 
absence of provisions lor the decomposition of deposited solids in 
contact with the sewage and is treated thus in this volume. 

In general, distinction is made between the removal of heavy mineral 
solids, called grit, which is commonly accomplished in grit chambers 
or detritus tanks, and the settling as sludge of lighter, more organic, 
sewage solids in sedimentation tanks. 

A sedimentation tank is defined as ^'a tank or basin in which sewage, 
partly treated sewage, or other liquid containing settleable solids is 
retained long enough and at velocity low enough to bring about sedimen¬ 
tation of a part of the suspended matter, but without a sufficient 
detention period to produce anaerobic decomposition” (1). 

Objects of Sedimentation. —Plain-sedimentation tanks are generally 
provided for one or more of the following purposes: 

A, As primary-sedimentation tanks for the removal of settling solids, 

1. To prevent formation of offensive sludge deposits in waters into which 
the sewage is discharged. 

2. To relieve the diluting waters of a portion of the burden placed upon 
them. 

3. To reduce clogging of fine-grained filters. 

4. To relieve coarse-grained filters of an unnecessary burden of solids. 

6. To keep solids from settling to the bottom of aeration units, where 
they may clog air diffusers or by putrefaction interfere with the efficiency of 
the process. 

6. To improve the efficiency of disinfection, since the coarser solids are 
not penetrated readily by disinfecting chemicals. 

B, As final-sedimentation tanks following coarse filters, to remove 
settling solids and increase the overall efficiency of the process, as well as to 
prevent formation of offensive sludge deposits in waters into which the 
effluent is discharged. 


809 
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C, As finalHsedimentation tanks in the activatednsludge process, to settle 
out activated sludge, part of which,is returned to the process and the 
remainder disposed of. 

THEORIES OF SEDIMENTATION PROCESS 

Sewage matters in suspension are found in this state either because 
their specific gravity is less than that of water or because the velocity of 
flow is such that they are carried along by the sewage. Since the 
transporting capacity varies as the sixth power of the velocity, it follows 
that a reduction in velocity will cause the sewage to deposit part of its 
burden of solid matter under the influence of gravity. Apart from 
substances that are lighter than water and will rise to the surface, such 
as oil, grease and floating matters, some of the suspended solids, sandy 
matters or grit, are deposited promptly when the velocity is reduced 
below that normally obtaining in sewers; others, called settling solids, 
require lower velocities and longer periods of time for settling; still 
others, colloidal and nonsettling solids, will not subside within a reason¬ 
able time even when the sewage is perfectly quiescent. 

The processes governing sedimentation are extremely complex. In 
order to approach them it is necessary first to restrict discussion to some 
of the elementary considerations of the problem. Among these the 
subsiding characteristics of particles in still water must be given first 
attention. 

Under the influence of gravity all particles heavier than water tend to 
settle. This tendency, however, is opposed by the frictional resistance 
of the liquid, that is, its resistance to deformation or viscosity. While 
both gravity and viscosity are effective at the same time, experiments 
have shown that for larger particles gravity controls, whereas for small 
ones viscosity controls. 

The factors governing the rate of subsidence of particles in still water 
are: the specific gravity of the particles relative to the liquid;*their size 
and shape, which together govern the ratio of volume to surface area, 
and the temperature of the liquid, which controls its viscosity as well as 
its density. 

Assuming the particles to be spherical in shape, their weights and 
volumes vary as the cubes of their diameters, while their surfaces vary 
as the squares. Hence the .relative surface presented by small particles 
is much greater than that presented by large ones and small particles 
settle much more slowly than do large ones. 

Stokes’s Law. —Stokes has formulated the relation that exists between 
the rate of subsidence of very small particles and the various factors 
influencing their sedimentation. If the values are expressed in the 
c.g.s. system, Stokes’s law is formulated as follows: 

2 « - 
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where v * velocity of subsidence 

g « acceleration due to gravity 
9 = density of the particle 
9* * density of the liquid 
e * viscosity of the liquid 
r = radius of the particle 

Since viscosity is governed by temperature, the viscosity factor may be 
replaced by a temperature factor. It will be found that the ratio of the 
viscosity at any temperature to that at 50°F., where the value of e is 

60 

0.01303, is approximately equal to ^ where T is the temperature 

in degrees Fahrenheit. When this substitution is made, with linear 
dimensions expressed in millimeters and the diameter d used instead of 
r, it is found that 


f = 418(s - s')d 


:r + 10 
60 


For quartz sand of specific gravity 2.65 the formula becomes: 

10 


V = 690d2- 


60 


For sewage solids of specific gravity 1.2: 


V = 84d* 


T +10 
60 


Stokes's law holds for particles smaller than 0.085 mm. in diameter. 
Beyond this limit viscosity, while still active,, no longer controls and 
gravity comes more and more into play, the velocity varying as the 
square root of the diameter when gravity controls. There is a transition 
space in between. This has been investigated by Hazen for quartz 
sands of specific gravity 2.65 with diameters of 0.1 to 1 mm. Hazen’s 
values may be formulated approximately as follows: 


V 


lOOd 


T+10 
60 


On the assumption that the specific gravity of the material enters into 
the equation as in Stokes's law, the relation for particles of specific 
. -f* 10 

gravity 1.2 IS t; = 12a—gg— 

The rate of subsidence of particles expressed in millimeters per second 
is known as their hydraulic subsiding value. The hydraulic subsiding 
values of particles with specific gravity 2.65 and 1.20 are plotted in 
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Fig. 76. They hold for a temperature of 60®F. For other temperatures 

r + 10 

they must be multiplied by the temperature factor —gg— 

The marked effect of temperature upon subsidence should be noted 
carefully. Because of it much greater sedimentation efficiencies can 
be obtained in summer than in winter. At a temperature of 74®F., 
for example, the rate of settling is twice as great as at the freezing point. 

Hazen’s Theory of Sedimentation.—Hazen (2) has made a careful 
mathematical study of sedimentation. The following paragraphs are 
abstracted from the original paper, for the purpose of showing the 
various factors which enter into the problem. An example of the 
application of Ilazen’s theory of sedimentation to the design of grit 
chambers is given in Chap. XL 


Hydraulic Subsiding Values in mm.per sec. 

% % e 




In order to simplify the approach, Hazen made the following assumptions: 

1. Whenever a particle of suspended matter strikes the bottom it remains 
where it strikes and is never carried forward on the bottom or picked up 
again. 

2. All particles have the same hydraulic subsiding value, v. 

lict t = time for a particle to fall from the surface to the bottom of the basin, 
the water meanwhile being absolijtdy still 
a = time of sedimentation in case the action is intermittent; and, 
in case of continuous operation, let a be the quotient obtained by 
dividing the capacity c of the basin by c, the quantity of water 
• entering or leaving i^ during each unit of time 
n = number of basins, in cAse several basins are used in scries 
X = the proportion of sediment remaining at the end of the process, the 
quantity at the beginning being taken as unity, or 1 

Proposition 1. Intermittent Basin .—^On the assumption that the basin is 
full of water and absolutely quiet: 
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The values obtained from this expression are plotted as “Theoretical maxi¬ 
mum” in Fig. 77. They represent the theoretical maximum sedimentation 
that can be obtained in an intermittent basin; they cannot be reached in 
practice. Adverse factors are: the kinetic energy of the entering water 
which is still capable of producing vortex motion after long periods of appar¬ 
ent quiescence; the action of wind; and changes in temperature which, 
though slight, set up convection currents. All of tht‘se induce mixing of 
the liquid. 

Proposition 2. Intermittmt Basin .—On the assumption that the basin is 
full as in proposition 1, but that the water is kept mixed during the process of 



Fio. 77.—Sedimentation obtained in differently arranf^ed settling units. (After 

Hazen ) 

sedimentation to such an extent that the density of the suspended matter 
is the same in all parts of the basin, the quantity of suspended matter 
remaining after an interval of time da is: 



After another interval da\ 



Since there are ^ intervals: 
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If this expression is developed binomially and all values containing the 
first derivative da are neglected, x ^ 0.367878 for ~ = 1; other determina¬ 


tions can be made similarly. The values obtained are plotted as “Inter¬ 
mittent Basin (Theoretical)” in Fig. 77. They represent the theoretical 
minimum sedimentation for an intermittent basin. For n intervals of time, 



Proposition 3. Single Continuous Basin ,—On the assumption that the 
water enters and leaves the basin continuously and that the density of 
the suspended matter is kept the same in all parts of the basin by mixing, the 
quantity of sediment deposited in the time o is (1 — x)) in the time da it is 

™(1 — x). Since the time required to deposit all the particles is the 


proportion deposited in the time da is ^ fquantity, x^- 


Hence 


da 


da \ 

-d - 


X = 


1 +: 


The values obtained from this expression are plotted as “One Basin Con¬ 
tinuous” in Fig. 77. 

Proposition 4. Two Basins in Series .—On the assumption that two 
basins are arranged so that the water from one enters the second, all other 
conditions remaining the same as in proposition 3, the time of sedimentation 
in each basin is a/2. Hence, from proposition 3, the quantity of suspended 

matter remaining after passage through the first basin is x\ * -and the 

1 + 1 


quantity remaining after the second is x 


Xi 


1+1 (i +1) 


The 


values obtained are plotted as “Two Basins in Series” in Fig. 77. 

Proposition 6 . More than Two Basins in Series .—If the reasoning of 

proposition 4 is extended to n basins in series, x = 7 -The values 


0 + 5 )’ 


for n = 4, 8 and 16 are plotted as “Good Baffling,” “Very Well Baffled 
Basin,” and “Close Approximation to Intermittent Basin,” respectively, 

in Fig. 77. For n « 00, x «= -p -—77^ “ ( 1 -j ) , which is the same 

(l + «) V ntj 

expression as that of Proposition 2 , shown as “Intermittent Basin (Theoret¬ 
ical)” in Fig. 77. In other words, theoretically, a sedimentation basin 
operated on the continuous system with absolutely complete bafiling would 
give the same results as a basin op the intermittent system kept absolutely 
• mixed from top to bottom. 
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Proposition 6. Very Shallow BasifL-r^U a very shallow basin is assumed, 
with area b, depth h and capacity c, and e is the quantity of water treated in 
a unit of time, while v is the hydraulic subsiding value of the particles, 

_ c _ M 



V 


o _ ^ 

t e 

It will be noted that a/tj which is the only factor entering into the expression 
measuring sedimentation efficiencies of the different types of basins, is 
independent of the depth of the basin but varies directly with the area of 
the basin and the hydraulic subsiding value of the particles and inversely 
with the quantity of w’atcr treated in t unit of time. This fact that, within 
limits to be discussed later, sedimentation is independent of depth, has of 
late years been put to practical use by Imhoff in the constmction of what 
he has called shallow underdrained settling hasinsj which act at the same time 
as sludge-drying beds. 

Proposition 7. Basin vnth Horizontal False Bottoms .—On the assumption 
that a basin is divided by horizontal plates into two or more compartments 
one above the other, each horizontal subdivision will provide a surface to 
receive sediment. Since sedimentation is independent of depth and merely 
dependent upon surface area, the sedimentation efficiency will be increased 
in proportion to the increase in area. The most serious practical difficulty 
to be met in carrying out this idea is the increased cleaning necessitated. 
The slate beds of Dibdin operated on this principle; expansion of this prin¬ 
ciple explains in part the sedimentation efficiency of contact beds ajad inter^ 
mitteni sand filters. 

Proposition 8. Suspended Particles Hatnri^ Unequal Hydraulic Subsiding 
Values .—Since a is the same no matter what the size of the particle, while t 
varies for particles of different size and specific gravity, the per cent of 
particles of each size and weight removed in a given basin will vary, a 
greater proportion of small and light particles remaining in the effluent than 
of large and heavy ones. This permits of differential sedimentation as 
applied in grit chambers, in which the object is to remove the heavier 
mineral solids while permitting the lighter organic ones to escape, as explained 
in Chap. XI. 

Limitations of Hazen’s Theory.—In applying Hazen^s theory of 
sedimentation to sedimentation tanks for sewage, a number of limita¬ 
tions of the theory must be kept in mind, most of which are pointed 
out in the original paper. 

Bottom Velocities .—^It was assumed that any particle striking the 
bottom remains there. This is not necessarily so. Both horizontal 
and vertical currents operate against it. The vertical currents are 
in the nature of vortex motion, wind-induced currents and temperature 
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convection currents. The horizontal currents are chiefly due to the 
horizontal movement of the water through continuous basins. It 
would seem that, apart from adhesion, which may be a factor of con¬ 
siderable importance in the case of sewage solids, a bottom velocity 
equal to the hydraulic subsiding value would prevent deposition or lift 
the particle or move it along the bottom. Practically nothing is known 
about the magnitude of bottom velocities in relation to mean horizontal 
velocities. The data at hand seem to show that mean velocities of 
20 to 40 times v are required to move sediment along the bottom. 
Since it appears from Fig. 77 that a/t must reach a value of about 1.5 
to secure satisfactory sedimentation, say 60 to 80 per cent removal, 
it follows that the use of ratios of basin length to depth of less than 
30:1 to 60:1 is indicated.^ To this extent then sedimentation is not 
independent of depth as shown in Proposition 6. 

Granvlar and Floccident Solids. —Depth enters into the problem 
of sedimentation in another way also. Much of the suspended matter 
in sewage is flocculent in character, t.e., the particles tend to gather 
together into aggregates. Sweeping down through the sewage they 
enmesh other particles, become larger in size and settle more rapidly. 
This is not so much the case with the granular solids iound in turbid 
river waters. The process of flocculation explains the efficiency of 
some of the deep basins used in sewage treatment and of artifleial 
aggregation by the addition of electrolytes or chemical coagulants in 
sedimentation combined with chemical 'precipitation. Salt water, too, 
induces flocculation. The rapidity of sedimentation observed when 
sewage is discharged into tidal water must be ascribed to this fact; 
for it cannot be supposed that an individual particle would settle more 
rapidly in salt water than in fresh water of lower density and viscosity. 

Detention Period. —The time of sedimentation a is commonly called 
the detention period. In practice it is generally expressed in hours. 
If, for example, the rate of sewage flow is 2.4 m.g.d. and the tank 

0 1 X 24 

capacity is 100,000 gal., the detention period is ^ — = 1 hr. The 

flowing-through period^ on the other hand, is the time actually required 
for a unit volume of sewage to pass from inlet to outlet. Theoretically 
the detention period and the.flowing-through period are one and the 
same measure. Actually thqy' vary. Displacement of the sewage in 
the tank by the incoming ^wage is seldom uniform, depending upon 
the distribution of the incoming sewage, the velocities in the tank, the 
method of baffling and the way in which the effluent is withdrawn. 
As a result part of the sewage reaches the outlet more rapidly than 
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does the remainder. The percentage ratio of the. flowing-through 
period to the detention period is, therefore, a measure of the efficiency 
of distribution of the sewage. The best results are obtained where each 
unit of sewage flows through the basin wi.th the least mixing with preced¬ 
ing and succeeding units. 

The flowing-through period is readily determined by adding a solution 
of commercial salt to the inflowing sewage and titrating the effluent 
to determine the quantity of chlorides it contains. After the salt first 
reaches the effluent there will be a gradual increase in chlorides until 
a maximum is reached, after which there will be a gradual decrease. 
A typical curve obtained by Capen (3) for a tank at Phillipsburg, N. J., 
is shown in Fig. 78. The flowing-through period is fixed by the location 
of the vertical gravity axis of the area under the curve. In the case of 



Fio. 78.—FlowiiiK-through period of sedimentation tank at Phillipsburg;, N. J. 

Phillipsburg the flowing-through period was found to be 1.17 hr. against 
a detention period of 2.42 hr. The flowing-through period was therefore 
48 per cent of the detention period. It should be noted that the peak 
concentration of chlorides occurred before the flowing-througn period 
was completed and, since this peak commonly coincides with the 
maximum color produced by dyes added to the sewage, it is evident 
that the use of dyes to determine the flowing-through period is not 
reliable. Electrical resistance measurements can be substituted for 
chloride titration. 

Currents in Tanks — Besides the direct effect of the temperature on the 
viscosity of the water and consequent hydraulic subsiding value of small 
particles, changes of temperature produce disturbances interfering with 
the calculated velocities, which are discussed in a paper by Seddon (4). 

Dunbar (5) says, in his ^‘Principles of Sewage Treatment:” 

The direction of the sewage currents at various depths in the tanks has 
been investigated by Bock and Schwarz. They employed small glass botr 
ties, and sank these to depths varying from 1 to 6 ft. Their results showed 
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that the sewage moved sometimes upward, sometimes downward, and some¬ 
times toward the sides of the tanks, with a velocity two to three times as 
great as the calculated average velocity through the tank. These sources 
of error were later demonstrated in a very clear manner by Schmidt at 
Oppeln. By addition of a coloring matter (uranin) he showed that at the 
cooler periods of the year the warm sewage flowed on the top of the cooler 
contents of the tanks. Variations in temperature cause variations in the 
flow of the sewage, as depicted in Fig. 79. The dotted lines show the direc¬ 
tion taken by the entering sewage, according as it is warmer or colder than 
the contents of the tank. 



Flow on Cold Days. 


Flow on Warm Days. 

FiOt 79.—Effect of temperature pn currents in tanks. 

Johnson (6) states that stratification is a factor of slight importance. 

Summary ,—^With present knowledge of the sedimentation character¬ 
istics of sewage solids, Hazen’s theory can find only limited application. 
It holds in particular for the settling of heavy, gritty substances but is 
useful in other problems of sedimentation by showing that: within 
limits the area of a settling basin is more important than its depth; 
values of a/t of 1.5 or more should be obtained to secure good basin 
efficiency; the ratio of length to depth should be limited; good baffling 
is of prime importance and wiU increase the efficiency by about 25 per 
cent; temperature is of great iidgnificance; and wind action should be 
reduced to a minimum. 

PLAIN*S£DIM£NTATION TANKS 

Sedimentation msay be effected in either fill-and-draw or continuous- 
flow tanks. Discussion of the relative merits of these methods of take 
operation is deferred to a subsequent section. The fill-and-draw process 











Fiq. 80.—Various types of sedimentation tanks for sewage. 
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is seldom used. The types of tanks employed in the continuous-flow 
process may be classified as follows: 

A, According to the direction of flow 

1 . Horizontal-flow tanks 

o. With continuous longitudinal displacement of the flowing sew¬ 
age from the influent to the effluent end, illustrated by Fig. 80o, 
6 , e and / 

h. With continuous radial displacement of the flowing sewage from 
a central inlet to a peripheral outlet, illustrated Fig. 80c 

2. Vertical-flow tanks with continuous vertical, and to a slight extent 
radial, displacement of the flowing sewage from a central downward 
directed inlet to a peripheral outlet, Dortmund tanka. Fig. 80rf 

B, According to the method of sludge collection and removal 

1. Flat-bottom tanks which must be emptied when the sludge is to be 
removed, shown in Fig. 80o 

2. Hopper-bottom tanks in which the sludge is withdrawn from the 
apex of the hopper, commonly during operation and under the 
influence of the hydrostatic head on the sludge. Tanks of this type 
are shown in Fig. 806, and d 

3. Flat-bottom tanks provided with mechanical cleaning tie vices, in 

. the form of scrapers or plows which move tht* sludge to a collecting 

point whence it is generally withdrawn as under B2. Tanks of this 
type are illustrated in Fig. 80c and / 

C, According to the function and position of the unirs in the treatment 

works 

1, Preliminary, primary, or presedimentation units, which precede 
oxidation processes or disposal without oxidation treatment 

2. Final or secondary-sedimentation units, which follow oxidation 
treatment. Succeeding trickling filters, these are known as 
humus tanks 

The principles of operation and design of plain-sedimentation tanks 
will be treated in this chapter. Where plain-sedimentation tanks 
are utilized as final-sedimentation tanks following either trickling 
filters or aeration tanks in the activated-sjudge process, further discus¬ 
sion is included in the chapter dealing ydth the particular process. 

Mechanically cleaned settling tanks are also known by the type of 
mechanical equipment employect, such as Dorr, Link-Belt, Hardinge, 
Buchart and Mieder. ^ 

Fill-and*draw and Continuous Operation. —Formerly many plants 
were operated on the fill-and-draw method. Dunbar (5) states the 
disadvantages of this method as follows: 

Theoretically, intermittent action in which the sewage is allowed to come 
to rest is more efflcacious than continuous action in which the sewage is 
allowed to flow continuously throuj{|^h the tanks. Continuous action has 
many practical advantaj^es over the intermittent method of working. At 
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each emptying and filling of the tank there is danger of stirring up the sludge 
which should, therefore, be removed each time the tank is emptied. . . . 
Intermittent action also causes a loss in available head of the sewage equal 
to the height in the tank, and the time of filling and emptying are not 
utilized in the purification process. 

Nearly all the suspended matter which will settle out in a reasonable 
length of time when the sewage is held quiescent will also settle out 
when the sewage is allowed to flow slowly through the tank. Further¬ 
more, it is practically impossible to hold sewage absolutely quiescent 
in large tanks, because of wind action, oscillations of the ma^of sewage 
in the tanks and currents set up by differences of tempersSure of the 
sewage in different parts of vhe tanks. There is also generally con¬ 
siderable delay due to cleaning the tanks between emptying and filling, 
especially where they are of the shallow, horizontal-flow type, and if 
the sludge is not remo^/od each tine before refilling, it is mixed with 
tljje incoming sewage ar d tends to hasten decomposition, which may be 
objectionable because of the odors produced about the plant. 

In the continuous-flow method, the sewage may leave the tank in a 
comparatively short time without having taken up dissolved matter 
present in the sludge and in some cases may contain some dissolved 
oxygen, an assurance tliat exceedingly offensive odors are not being 
given off. 

The development of mechanical equipment lor removing sludge 
without emptying the tank has made the continuous-flow tank still 
more advantageous, so that it is now almost universal practice to allow 
sewage to flow continuously through sedimentation tanks, the sedimen¬ 
tation efficiency being substantially as good as by the intermittent 
system and the operation of the tanks being much more convenient 
and economical. Fill-and-draw operation, however, may still find 
useful application in the treatment of industrial wastes. 

Direction of Flow,—Among the different types of plain-sedimentation 
tanks, horizontal-flow tanks with longitudinal displacement of the sewage 
are in most common use. They are employed for both primary- and 
final-sedimentation units and are commonly equipped with mechanical 
sludge-removal apparatus. Vertical-flow tanks have been used to some 
extent in this country for final-sedimentation tanks following trickling 
filters. In England they are used extensively as final tanks in the 
activated-sludge process. Radial flow is not employed much for pri¬ 
mary sedimentation, but more for final sedimentation, as at the Easterly 
Plant in Cleveland, at Indianapolis and elsewhere. 

Formerly plain-sedimentation tanks in some plants were arranged in 
series to provide a long route through which the sewage had to travel. 
A prolonged period of sedimentation was generally provided in such 
plants. The tanks are now generally arranged for oi)eration in parallel. 
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Tark (7) states that 

rectangular vertical-flow tanks give a slightly higher percentage of removal 
[of suspended solids] than the horizontal-flow tanks, but their cost of con¬ 
struction is higher and they can only be built in small units. They are 
therefore suitable only for small or medium-sized plants. 

HORIZONTAL-FLOW TANKS 

In the order of their development, horizontal-flow tanks may be 
classified as fiat-bottom tanks, hopper-bottom tanks and tanks with 
sludge-rei^ving mechanism. The distinguishing feature of these tanks 
is the method of sludge collection and removal. 

The older type of horizontal-flow tank is commonly a shallow rectan¬ 
gular structure. The bottom rises toward the outlet and slopes trans¬ 
versely toward one or more drains running longitudinally through the 
tank which must be emptied for cleaning. A draw-off pipe or floating 
arm and valve are provided to remove the supernatant liquid, as indicated 
in Fig. 80a and Fig. 83. If this pipe or valve is situated at the outlet 
end, the greatest possible quantity of water will be withdrawn. Sludge 
sluices are provided at the deep end, where the heavier and greater 
part of the settling solids subside if the velocities are not too high. 
Part of the sludge moves to the sludge sluices by gravity; the remainder 
.must be pushed down the sloping bottom by means of wooden scrapers 
and squeegees. Gates in the side walls of the tank are sometimes used 
to introduce flushing water from adjoining tanks and thus to supplement 
the work of the scrapers. Hose connections on water-supply lines may 
also be employed for this purpose. 

To eliminate hand cleaning, hopper-bottom tanks were developed. 
In these tanks the bottom is shaped into a series of hoppers into which 
the sludge settles. The slopes of the hoppers are sufficiently great to 
permit the settling solids to slide to the bottom, where the sludge outlets 
are situated. The sludge is withdrawn from time to time either by 
gravity or by pumping. Two different arrangements, illustrated in 
Fig. 84, are commonly used; vertical or inclined riser pipes ending near 
the bottom of the hoppers and horizontal Wudge pipes connected to the 
apices of the hoppers. Sludge may be withdrawn during operation. 

The latest development in plain-sedimentation tanks is the provision 
of mechanical sludge-removing ^luipment. Several types of mechanism 
are now in use: the Dorr mech^ism, Fig. 80e; the Fidler mechanism, 
Fig. 85; the Link-Belt mechanism. Fig. 80/; and the Mieder mechanism. 
Fig. 86. Dorr mechanisms have been designed for square or circular 
tanks and for square tanks with circular bottoms. Mechanisms of the 
Fidler type may be used either in circular tanks or in square tanks 
with circular bottoms. Mechanisms of the Link-Belt and Mieder types 
have been developed for use with? Octangular tanks. Plows or scrapers 
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are employed to move the deposited sludge toward the sludge outlet, 
whence it is withdrawn by gravity or pumping. Sludge may be removed 
continuously or intermittently, without placing the tank out of operation. 

Sludge-removal mechanisms are employed chiefly in connection with 
primary sedimentation, the sludge being removed to separate digestion 
tanks, and final sedimentation of the effluent from activated-sludge 
aeration tanks, the sludge being returned to the process or otherwise 
disposed of. In both cases it is commonly desired to remove the sludge 
before septic decomposition sets in. Also, recently, they have been 
commonly employed for the removal of sludge from final-sedimentation 
tanks following trickling filters. They are used at Dearborn, Mich., 
for the removal of sludge from chemical-precipitation tanks. 

Elements of Design.—The. design of horizontal-flow sedimentation 
tanks is governed by the quantity and strength of sewage to be handled, 
the desired surface arojt^ veh'City and detention period, the method of 
sUidge removal, and, waere provided, the type of mechanical equipment 
for sludge removal. Among the elements to be considered are: the 
number and arrangement of units; tank dimensions, length, width and 
depth; arrangement of inlets and outlets with possible baffling; possible 
skimming equipment; provision for sludge storage and removal; and 
freeboard. These items are considered in detail in subsequent 
paragraphs. 

Tark (7) summarizes the essential features to be observed in the 
design of a tank as follows: 

1. Means for (leereasing the velocity of flow so that the solids can settle 
out. 

2. A zone of quieines.s, wiiere the settled solids can accumulate. 

3. Means for removing the accumulated solids or sludge. 

Number and Arrangement of Tanks.—It is customary even m small 
plants to build duplicate settling tanks, so that there may be no com- 
l)lete interruption in the treatment of the sewage. In larger plants the 
number of units i)rovidod dejx^nds upon structural considerations, 
operating conditions and facilities for removing sludge. Often several 
relatively small or narrow tanks are provided, rather than one or two 
large or wide tanks, to minimize the effect of wind and to aid in establish¬ 
ing uniform rates of flow throughout the width of the tanks. The 
number of tanks is usually sufficient to afford the desired width of unit 
and flexibility of operation by cutting in or out one or more units. 

Detention Periods.—The detention periods employed in the design 
of horizontal-flow sedimentation tanks vary according to the require¬ 
ments for which the tanks are provided, the efficiency of sedimentation 
required and the character of the sewage treated. 
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The sedimentation of settling solids is most rapid during the first hour 
and an increase in detention period beyond 2 hr. does not ordinarily 
effect a material further removal of solids. The results of experiments 
at Syracuse, shown in Fig. 81, indicate how little may be accomplished 
by way of sedimentation during prolonged detention periods (8). 

Where primary-sedimentation tanks are provided prior to activated- 
sludge treatment, the detention period ordinarily varies from 3^ to 
1)4 hr. Preceding trickling filters the detention period ordinarily 
provided is 1>^ to 6 hr., the average being about 3 hr. in earlier instal¬ 
lations and 2 to 2)4 hr. in more recent plants. Sedimentation tanks 
following aeration units in the activated-sludge process usually provide 



Fig. 81, —Effect of detention period on removal of suspended solids in sedimenta¬ 
tion tank at Syracuse, N. Y. 


a detention period of 13^ to 2 hr. Following trickling filters, final- 
sedimentation tanks generally have a detention period of I to II2 hr. 

For most small or medium-sized plants, the detention period used as a 
basis for design takes into consideration available data on the strength 
of sewage and the desired removal of Solids. For the design of larger 
plants the quantity of suspended matter precipitated in various periods 
of time is often ascertained and that period of sedimentation is chosen 
which will cause the removal of the largest quantity required by the 
conditions. ** 

The portion of the tank reserved for sludge storage is not commonly 
included in the calculation of effective detention period. In hopper- 
bottom tanks, for example, the volume of the hoppers is not included in 
the detention capacity. 

Detention periods ^re commonly based upon average dry-weather 
flows. In combined systems to 3 times such flows are commonly 
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handled; excess quantities of storm flow are generally by-passed, but in 
some cases separate storm-water tanks are provided. Since fluctuations 
in sewage flow are more pronounced in small plants than in large ones, 
detention periods for small plants are sometimes 50 to ICO per cent 
greater than for large ones. 

Limiting Velocities.—It is apparent from a consideration of the 
theory of sedimentation that the velocities ordinarily encountered in 
sedimentation tanks are of small moment as long as they are not 
sufficiently great to lift particles from the bottom or to move them along 
the bottom toward the outlet. Where sludge is in contact with the 
flowing sewage^ lower limiting velocities are required than where the 
solids settle out of the sedimentation compartment into a lower sludge 
compartment. Velocities of 45 to 150 ft. per hour are common in the 
case of preliminary-sedimentation tanks and humus tanks. On the 
other hand, final settling banks in the activated-sludge process often 
provide for velocities dt only 30 to 40 ft. per hour. 

Area.—The tank area, as pointed out in previous sections of this 
chapter, is an important consideration. For granuL.r solids, for which 
area is the controlling factor, Imhoff (9) has suggested a value of 1 sq. 
ft. for each 300 gal. daily. For sewage solids and depths greater than 
5 ft. he considers that 1 scp ft. for each 600 gal. daily will suffice, because 
sedimentation is due in part to the aggregation of the flocculent solids 
into masses of larger bulk, while they settle through the sewage. For 
final-sedimentation tanks in the activated-sludge process, values of 
800 to 1000 gal. of tank effluent daily per sfiuare foot of surface area are 
common. 

Tank Dimensions.—The tank dimensions to be considered are width, 
length and depth, which are frequently limited by local subsoil condi¬ 
tions, especially by ground water. These conditions affect the depth 
directly and the other tank dimensions indirectly. Construction of 
deep tanks may not be economical unless the ground-water table is low 
and ledge is not encountered near the surface. 

For longitudinal displacement of the sewage it is customary to build 
tanks from 6 to 16 ft. in depth. Moreover, unless tanks are made 
round or square, in order to facilitate the removal of sludge by certain 
types of mechanical equipment, they are usually built with a ratio of 
width to length ranging from 1:2 to 1:8. It is desirable, even though 
more expensive, to keep the width small in comparison with the length, 
in order to promote uniformity of distribution of the sewage on entrance 
and uniformity in its flow through the tank. The desired width may be 
secured either by constructing a number of parallel tanks or by providing 
longitudinal baffle walls. In large tanks uniformity of flow is affected 
by winds and by differences in the temperature of the sewage in different 
parts of the bavsin. 
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The length is governed by the detention period, tlie quantity of sewage 
to be handled, and the land area available for the tanks. 

In present designs the tank dimensions are governed somewhat by the 
type of mechanical equipment to be provided. As previously stated, 
mechanisms of the Link-Belt and Mieder types are adapted to rectan¬ 
gular tanks. The plain-sedimentation tanks of the Joint Meeting 
sewage-treatment plant in Elizabeth, N. J., equipped with Mieder 
apparatus, are 75 ft. wide, 280 ft. long and have an average depth below 
maximum high water of 13.85 ft. Mechanisms of the Link-Belt type 
have been installed in tanks varying in width from 8 to 68 ft. and in 
length from 30 to 179 ft. The two preliminary-sedimentation tanks at 
Barrington, N. J., are 8 ft. wide, 32 ft. long and 7 ft. deep. The final- 
sedimentation tanks at the Wards Island plant in New York are 42.5 ft. 
wide, 179 ft. long and 12.5 ft. deep. 

The following examples are given to illustrate the range in size of 
tanks to which revolving sludge-removal mechanisms have been 
adapted. At Kiel, Wis., there is a primary-sedimentation tank 20 ft. 
square. At Aurora, Ill., the four sedimentation tanks preceding trickling 
filters are 50 ft. square and the side-wall water depth is 12 ft. Eight 
primary-sedimentation tanks, 90 ft. square, with a side-wall water depth 
of 10 ft., are provided at Toledo, Ohio. The eight preliminary-sedi¬ 
mentation tanks at the Wards Island plant are 98.5 ft. square. At 
Baltimore, Md., there are two new preliminary-:^dimentation tanks, 
elach 140 ft, square, with a side-wall water depth of 15.5 ft. 

The characteristics of a number of plain-sedimentation tanks are given 
in Table 64 and those of several final tanks in the activated-sludge 
process are shown in Tables 109 and 113. 

Inlets and Outlets.—The most obvious way to induce relatively 
uniform distribution of the sewage entering and leaving horizontal-flow 
tanks is by means of inlet and outlet weirs extending entirely across the 
ends of the basin. However, while such weirs are satisfactory for 
the effluent, they are not satisfactory for introducing the sewage into the 
tank. This is chiefly because of the te^ndency of suspended matter to 
settle in the influent channel and to collect on the edge of the weir. 
Attempts have been made to solve this difficulty by cutting orifices or 
providing gated openings in the side of the influent cluinnel, but these 
arrangements are generally: ^Unsatisfactory. The prevailing method 
appears to be to provide a few relatively large openings through which 
the sewage will flow with moderately high velocity, which is checked 
almost immediately by suitable baffling devices placed in front of and 
close to the influent openings. Figure 82 illustrates such a device 
installed in a covered sedimentation tank. It is equally applicable to 
tanks with straight walls. 
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Care is required in the design of inlet and outlet channels to insure 
equal distribution of sewage and suspended matter among the different 
tanks. At Baltimore, thin longitudinal walls are provided in the inlet 
channel and the individual channels thus created lead to separate groups 
of tanks. At Boonton, N. J., the inlet chamber provides a small stilling 
chamber with 12 weirs. Each weir connects with a sc^parate pipe, 
leading to one of the 12 settling tanks. 



Fig. 82.—Baffle plate in front of inlet pipe of sedimentation tank. 


At the Joint Meeting sewage-treatment works in Elizabeth N. J., 
the flow to each of the four sedimentation tanks will be regulated by 
motor-operated sluice gates. Sewage flows through the influent flumes 
into individual distributing channels, each controlled by motor-operated 
gates, and then through oi)en ports and through a perforated diffusion 
wall designed to distribute the flow entering the tanks. The diffusion 
wall is perforated with holes, 8 in. in diameter, spaced 10-^^ in. center 
to center. Steel-plate baffles, having a submergence of 8 in. at minimum 
water level, are located at the influent end of the tanks and the effluent 
weirs have a net width of 54 ft. in each tank. 

In the Dorr “Sifeed^^ clarifier, described later in this chapter, the 
influent is brought under the tank to a central feed pipe, from which 
it is diffused beneath the surface through a number of ports and by 
means of a perforated circular baffle. The flow is radial and the effluent 
discharges over a peripheral weir. 

At Lancaster, Pa., and San Antonio, Tex., equal distribution of 
sewage and suspended matter among the preliminary-sedimentation 
tanks is promoted by the diffusion of air from porous plates set in the 
distribution channels. 
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Scum Boards and BafSes. —To facilitate the collection of floating 
matter on plain-sedimentation tanks and prevent its passage over the 
effluent weirs, scum boards may be provided. These may take the 
form of either relatively shallow baffles, which are fixed in position 
and rise above the sewage ^rface, or floating boards, which rise and 
fall with changes in the sewage level. Scum boards are commonly 
placed near the outlets and sometimes also near the inlets. 

Where inlet weirs are used they are often guarded by scum boards 
2 to 4 in. in front of them, or more in some cases, and extending to a 
depth of at least 2 ft. The narrow openings between boards and 
weirs are easily kept free from scum and the sewage is compelled by 




Fi<*. 83.—Equipment for unwatering flat-bottom tanks. 

the depth of the boards to take the same course as it would follow with 
submerged openings. 

Long plain-sedimentation tanks are sometimes equipped with trans¬ 
verse baffles, placed at equidistant points throughout the length of 
the tanks, in order to foster continued good distribution of the sewage 
as it flows through the tanks and to minimize the disturbances due to 
wind action, vortex motion ^nd other adverse conditions. Over-and- 
under baffles have been eihp|oVed. Increasing the rate of flow by too 
much baffling is likely to f^ult in agitating the sludge and mixing it 
with the sewage. Capen (3) states that baffles can be helpful but are 
more often detrimental than useful. 

On the other hand, tests made by Stevenson (10) on baffled and 
unbaffled tanks at the Philadelphia experiment station have shown 
that baffled tanks are markedly superior. On this subject the Bureau 
of Surveys reports as follows: ‘ • 
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Another matter not shown in the analyses, but noted during the operation 
of all the tanks, was that in unbaffled tanks the presence of visible trade 
wastes at the influent end was soon followed by the same waste at the out¬ 
let, showing a current of high velocity through quiet portions of the tank, 
whereas after proper baffling of the tanks the entire cross section of the tank 
was placed in service. 

At Boonton, N. J., surface baffles are provided at both inlet and outlet 
ends of the sedimentation tanks. Sewage enters each tank through 
two vertical 12-in. pipes with quarter bends pointing toward, the end 
of the tank against the direction of flow. Two weirs at the outlet end 
collect the flow over the entire w»dth of the tank. By raising or lowering 
these weirs with stop planks, the sewage level in the tanks may be 
maintained either above or below the under surface of the roof. By 
submerging the roof, scum di^ying is prevented. 

Bottom Slopes. —The bottom slopes of sedimentation tanks differ 
widely, depending upon the character of sludge to be expected as well 
as upon the method of sludge removal for which the tanks are designed. 
In flat-bottom tanks, sludge free from grit can be mo\ ed with scrapers 
and squeegees without difficulty on slopes of 1.5 to 3 per cent. In 
order to facilitate the work, pipes with hose connections may be run 
between the tanks, so that the sludge may be flushed along with the 
aid of water, or sewage from one tank may be used in cleaning adjoining 
tanks. Tanks with mechanical sludge removal are generally given 
bottom slopes of 8 to 15 per cent, except for Link-Belt and Mieder 
collectors, where a slope longitudinally of 1 per cent is usual. 

Experience at many plants has shown that where gravity is the only 
force relied upon to make the sludge slip down slopes, the latter should 
be at least 1.75 vertical on 1 hoMZontal, or better 2 on 1, in order to 
insure the feeding of sludge into the sludge pipes while it is being drawn. 
Sludge which contains gelatinous floe, often called colloidal matter by 
plant operators, has a tendency at times to adhere to smooth surfaces, 
as well as to those of a rougher character, and wherever two surfaces 
form an angle the sludge tends to remain. It must be remembered that 
the slope of the valley at the intersection of two inclined surfaces is 
less than that of the surfaces themselves. Slopes sufficient to cause 
sludge to flow freely after the supernatant sewage has been drawn off 
are not necessarily sufficient to cause it to flow when the sludge is 
submerged, for the effective weight of submerged sludge in causing 
motion is less, by the weight of the displaced sewage, than that of 
exposed sludge. As a result, in drawing sludge from tanks operated 
continuously, there is danger of forming a cone-shaped opening through 
the mass of sludge in the bottom of a tank and removing sewage as well 
as sludge, unless the bottom of tKe hopper is formed by steep sides in 
such a way that the sludge is inevitably concentrated in it. 
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To avoid excessive depths in large hoppers, the slope is reduced com¬ 
monly to 1 vertical on 1 horizontal, or even to 1 vertical on 2 horizontal. 

Volume Variations of Sewage Sludge. —The volume of sludge depends 
mainly upon its water content and only slightly upon the character 
of the solid matter. The water content is commonly expressed by 
weight. A *'90 per cent sludge,’* for example, contains 90 per cent of 
water by weight. The solid\particles, in the interstices of which the 
water is held, vary in composition, shape and size. If one third by 
weight is composed of mineral matter with specific gravity 2.0 and two 
thirds of organic matter with specific gravity 1 . 0 , the specific gravity 

11 2 5 

of the whole s is found as follows: - = tt 2 + ^ 1 = v;: s = 1 . 2 . 

« 3 3 

If, furthermore, the specific gravity of the water is taken as 1 . 0 , as it can 
be without appreciable error, the specific gravity of a 90 per cent sludge 

of this character s\ is found thus: 7 “ ^ = 0.983; Si = 1.017. 

This value is a common one for average sewage sludge from strictly 
separate systems. If one half of the sludge is composed of mineral 
matter and the other half of organic matter, computations similar to 
the preceding lead to a specific gravity for the solids of 1.33 and for 
a 90 per cent sludge of 1.025. The latter is a common value for sludge 
derived from combined sewage and storm water. 

The volume of a 90 per cent sludge of specific gravity 1.017 containing 

1 lb. of solid matter is + 9^ = 1.18 gal. If, however, the 

water content were 95 per cent, the volume of the sludge would be 
8 ^ ( 1 ^ ~ slightly more than twice as much as 

that of a 90 per cent sludge. If the* sludge composition is considered 
in terms of solid matter rather than water content, this fact is more 
apparent. A 90 per cent sludge contains 10 per cent of solid matter, 
whereas a 95 per cent sludge contains only 5 per cent. The volume 
of a 95 per cent sludge is therefore a^pproximately twice as great as 
that of a 90 per cent sludge. If Fi'and V 2 are the volumes of the 
sludge. Pi and P 2 the percentages of water, and pi and pi the percentages 
of solid matter, the following relationships hold approximately:^ 

Vi 100 - P 2 P2 

V 2 100 - Pi ~ 

If, for example, Fi is the volume of the 90 per cent sludge and V 2 that 
of the 95 per cent sludge: 

^ Let 8 «• density of the solids 

w m weight of the solids, grams 
W « weight of water, grama 


Then 
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Fi 100 - 95 5 
K, 100 -.90 10 

f'or approximate calculations it is simple to rememoer that the 
volume varies inversely as the percentage of solid matter contained 
in the sludge. 

The moisture content of sludge from plain-sedimentaticm tanks at a 
number of plants is given in Table C>3. At these plants primary sludge 
has a water content of 94 to 90 per cent and, where excess activated 
sludge is discharged into the preliminary tanks and withdrawn with 
the primary sludge, the moisture is about 96 per cent. 


Table 63.—Moisture in Sludge from Plain-sedtmentatiox Tanxs 


1 

Plm.t 

f 

Period 

Moisture 
in sludge, 
per cent 

Primary sludge: 

Haiti more, Md. 

1926-30 

94.7 

Grand Rapids, Mich. 

1932-33 

95.9 

High Point, N. C. 

1929-30 

93.8 


Average. 


94.8 

Combined i)rimary sludge and excess activated 
sludge: 

Elyria, Ohio. 

1 

1931 

96.1 

Peoria, 111. 

1932 

96.5 

San Antonio, Tex. 

1931 

^5.7 

Springfield, III.. . 

1931-32 

96.1 

Toronto Ont North Toronto plant. 

1930-32 

95.7 


Average.| 


96.0 




Sludge Storage and Volume of Sludge Produced. —The volume of 
sludge for which provision is made in horizontal-flow sedimentation 
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tanks depends ujx)!! the following factors: the character of the sewage 
received by the tanks—its strength, freshness and preliminary treat¬ 
ment; the period of sedimentation and the degree of purification to be 
effected in the tanks; the condition of the deposited solids—their 
specific gravity, water content and changes in volume under the influence 
of tank depth or mechanical sludge-removal devices; and the period 
of sludge storage between drawing operations The following discus¬ 
sion shows how these factors enter into the problem of calculating 
the required storage capacity: 

In the hypothetical analysis of a typical sewage of medium strength 
(Fig. 1) it was assumed that the suspended solids amount to 300 p.p.m., 
of which 150 p.p.m. are capable of settling in tanks affording a 2-hr. 
detention period. Still larger portions are capable of settling in longer 
periods. 

Primary-sedimentation tanks yield so-called fresh sludge. The 
specific gravity of the deposited solids varies with the type of the 
sewerage system and the strength of the sewage about as follows: 


Type of sewerage system 

Strength 
of sewage 

i.._. 

Specific 

gravity 

Strictly domestic. 

Weat.^ 

1.02 

Strictly separate. 

Average 

1.03 

Combined. 

Average 

1.05 

Combined. 

Strong 

1.07 


‘ Due to infiltration or high water consumption. 

On the assumption that 150 p.p.m. of suspended matter are capable 
of settling in 2 hr., as an average, in accordance with the preceding 
statement, the weight of the dry solids deposited per million gallons is 
150 X 8.33 = 1250 lb. If the sludge contains 95 per cent water and its 

specific gravity is 1.03, the volume will. be g 33 x 1 03 

of sludge per mil. gal. of sewage. On the basis of a daily per capita 
sewage flow of 100 gal., the sludge storage capacity must be 38 cu. ft. 
per 1000 population for each day elapsing between sludge removals. 
These calculations give also the volume of sludge that must be digested, 
dewatered or disposed of, as the case may be. 

The foregoing calculation is directly applicable to the design of 
storage facilities for fresh sludge in primary-sedimentation tanks. 
In preliminary-sedimentation tanks of activated-sludge plants, provision 
may be required for the excess activated sludge which may be discharged 
into the influent of the prelim^ary tanks for settlement and consolida¬ 
tion with the fresh sludge. Based on a removal of 96 per cent of the 
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suspended solids by the complete treatment plant, the weight of solids, 
on a dry basis, deposited in the preliminary-sedimentation tanks is 
0.95 X 300 X 8.33 = 2380 lb. per mil. gal. of sewage. If the sludge 
contains 96 per cent moisture and its specific gravity is 1.03, the volume 


2380 X 100 

will be g 33 ^ J Q3 ^ 4 


6940 gal. i>er mil. gal. of sewage. 


For humus tanks provision may be required for the ‘^u/doading^^ of 
trickling filters and for the storage of sludge for longer periods than 
ordinarily employed in primary sedimentation tanks, unless mechanical 
equipment for sludge removal is provided. Where the sedimentation 
units are to be used as final-sedimentation tanks in the activated-sludge 
process, provision must be made for light, flocculent sludge of 98 to 
09.5 per cent moisture and for quantities of sludge ranging from 2500 



Fio. 84.—Details of piping for drawing sludge from hopper-bottom tanks. 


to 7000 p.p.m. in the influent mixed liquor. Further consideration of 
the requirements for final-sedimentation tanks following trickling 
filters and aeration units is included in the chapters dealing with these 
oxidation processes. 

Sludge Removal.—Methods of sludge removal vary with the different 
types of tanks and the means of sludge disposal. As drawm from 
settling tanks, sewage sludge will flow readily through pipes and open 
channels and can be pumped or caused to flow by gravity. The method 
of sludge removal from flat-bottom tanks has been described previously. 

Hopper-bottom Tanks .—Sludge is commonly withdrawn from hopper- 
bottom tanks during operation. The sludge is drawn through pipes 
reaching from above through the tank to the bottom of the hoppers, 
as in Fig. 846, or attached to them from below, as in Fig. 84a. On 
account of the hydrostatic head operative on the sludge inlets, the 
sludge can be discharged at elevations lower than the flow line of the 
tank, allowances being made for the losses of head at entrance and 
the friction losses in the pipes. The minimum diameter of sludge pipes 
is usually 8 in., in order to avoid clogging. If the sludge is discharged 
through a branch at the top of the sludge pipe, the outlet of the branch 
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commonly is 4 to 6 ft. below the level of the sewage in the tank. If the 
sludge flows through greater lengths of pipe, a slope in the hydraulic 
grade line of 2 to 3 per cent is often provided. 

Sludge is usually withdrawn from tanks at a slow rate, in order that 
the whole mass of sludge may settle and no conical depression may exist 
in the center. In the latter case sewage would be withdrawn instead of 
sludge. This would be disadvantageous in most cases, as it is usually 
desirable to secure as concentrated a sludge as possible and thereby 
reduce the burden on sludge-disposal facilities. Where gravity flow 
cannot be secured, the sludge is pumped. 

Mechanical Removal of Sludge and Scum. —Sludge-removal mechanisms 
move the deposited solids to the sludge outlets during operation of the 
tanks. Such mechanisms may be operated either continuously or 
intermittently. 

The Dorr mechanism (Fig. 80c) consists essentially of a group of arms, 
to which blades are attached in such manner that, as the arms revolve, 
the sludge is moved to a central draw-off sump. In one of the earlier 
forms, designed for circular-bottom tanks, the arms are attached to a 
central, motor-driven shaft, the motor being stationary and the mecha¬ 
nism being supported by an overhead bridge spanning the tank. In a 
later development, designed for square-bottom tanks, counter weigh ted 
swinging arms are attached to two of the four ••evolving arms in each 
tank. As the mechanism revolves, the swinging arms extend out into 
the corners and scrape the sludge into the circular zone. In a further 
development, known as the traction clarifier^ the mechanism is supported 
by a bridge extending from a central fixed column to the top of the 
tank wall. The bridge and mechanism are revolved by motor-driven 
wheels resting on rails set on the tank wall. When installed in square 
tanks, a telescoping bridge is provided, which extends out to the corners 
as the mechanism revolves. The telescoping section is equipped with 
plows which scrape the sludge from the corners into the circular zone. 
In another design the mechanism is supported by a central column and 
revolved by a motor set on a turqtanle over the column. In conjunc¬ 
tion with this latest development and with the traction clarifier, provi¬ 
sion may be made for briiij^pg the sewage under the tank to a central 
feed pipe within the coluipii..,' This type of tank is known as the * ‘ 8ifeed ^' 
clarifier. Means for the Automatic skimming of sedimentation tanks 
have been developed in conjunction with the traction type of mechanism. 

Scraper-conveyor mechanisms of the Link-Belt type (Fig. 80/) consist 
of a series of scrapers attached to endless chains. The chains are 
driven by a motor through a system of gears and sprockets, so as to 
drag the scrapers toward supips or hoppers, which are usually placed 
at the influent end of the tanks. Where skimmi&g is desired, as on the 
surface of preliminary-sedimentation tanks, the return flights of the 
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scrapers are carried at the water surface in such manner as to accumulate 
the scum at one end of the tanks. When skimming is not desired, the 
return flights are carried back beneath the water surfaceJl The width 
of a single flight is seldom more than 16 ft. For a tank wider than that, 
two or more series of flights may be provided. In such a case the sludge 
may be scraped to a trough at one end by longitudinal flights and 
cross flights may be employed in the trougn to scrape the sludge to a 
hopper or sump at one corner of 
the tank. 

The Fidler type of mechanism 
(Fig. 85) consists of one or two 
spiral blades attacliod to a cential 
motor-driven shaft, the motor 
being stationary. As the I lades 
revolve, the sludge i-^s n oved to the 
centt^r of circiilar-boitom tanks. 

The Buchart and Hardinge spiral 
sludge-removal mechanisms are 
similar to the Fidler type. 

The Mieder mechanism, (Fig. 

SO) consists of a traveling bridge 
carried on rails along the longi¬ 
tudinal walls of the tank, with a 
scrai)er attach(*.d to the bridge by 
liinged arms. The scra per is used 
to force the sludge into hoppers 
at the influent end of the tank 
and, when raised to the surface 
of the sewage, it is used to skim the tank. A mechanism, similar 
to the Mieder is manufactured by the Hardinge Co. 

The Mieder installation at Leipzig, Germany, with a 32.8-ft. span 
operates on about 2 hp. at low speed. The Dorr mechanisms at the 
North Toronto plant, Toronto, Out., operating in 50-ft. circular-bottom 
preliminary-sedimentation tanks, take on the average about 1.2 hp. 
per unit. The Fidler mechanisms at the same plant in 65-ft. circular- 
bottom activated-sludge, final-sedimentation tanks, also operate at 
about 1.2 hp. per unit. Dorr mechanisms commonly are driven by 
2.5- or 3-hp. motors. 

Concerning mechanically equipped tanks, Tark (7).states: 

The same underlying principles of design apply to these tanks as to other 
types. The removal of the sludge must be positive and take place with a 
minimum of agitation. Therefore,^ the speed should be uniform and low— 
not more than 6 ft. per minute and preferably 3 ft. per minute. Intermit¬ 
tent operation once a day in cool weather, twice a day in warm wcather« will 



Fig. 86.—Fidler mechanism fbr sludge 
removal. 
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give much better results than continuous oi)eratioii. Even slight agitation 
will cause the fine settled solids to go into suspension again. Tests hav(^ 
shown that a mechanical speed of 5 ft. per minute for a period of 30 min. 
caused a loss of efficiency of 10 per cent for 90 min. 

The above (luotation refers to primary-sedimentation tanks. In 
settling activated sludge, continuous removal from the tanks is desir¬ 
able on account of the large volume of vsludgc deposited. Continuous 
operation also may be desirable in preliminary-sedimentation tanks, 
when the fresh sludge is mixed with excess activated sludge prior to 
discharge into separate sludge-digestion tanks. 



Fio. 86. —Mieder sludge and scum collector* 


Aeration of sewage in tanks or channels preceding preliminary-sedi¬ 
mentation units, to promote the removal of grease, and additional 
provisions made for skimming the surface of sedimentation tanks are 
described in Chap. XI. 

Freebifard.—The walls of open tanks commonly extend at least 6 in. 
above the surface of the liqui^l, in order to prevent sewage from being 
blown over the coping by,'W|jfids. The height of the wall above the 
sewage surface is called the freeboard, A height of 12 in. is ordinarily 
employed, but heights of 18 in. to 2 ft. are common, especially for large 
tanks, so as to protect the sedimentation process from the disturbing 
influence of currents set up by winds. 

Roofs. — ^In many small and medium-size plants the sedimentation 
basins have been roofed over, |Sometimes on account of severe winter 
weather and sometimes to conceal the tanks and their contents from 
public view. There is a small but indeterminate increase in the efficiency. 
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of tanks caused by roofing them, but in most cases the increase has been 
found insufficient to justify the expense of the covering. 

Open tanks are sometimes surrounded by fences to protect trespassers 
from danger and children from falling into the tanks. 

Statistics of Horizontal>flow Tanks.—The features of design of a 
number of existing horizontal-flow tanks, presented in Table 64, will 
serve to illustrate the principles set forth ’*n the preceding sections of 
this chapter. In comparing the data on these tanks it should be borne 
in mind that the objects to be attained by sedimentation may differ 
widely at different plants. For example, the tanks at the North Side 
plant in Chicago, which provide a K-hr. detention period, were designed 
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Fig. 87.— Removal of Huspended scalds from sewage by sedimentation. 


to perform a function similar to that of detritus tanks. On the other 
hand, the tanks at Marlborough, Mass., in which the sewage is settled 
for 5.8 hr., were designed to remove as large a proportion of susi^ended 
solids as practicable, in order to minimize the clogging of intermittent 
sand filters. 

Efficiency of Horizontal-flow Tanks.—The many factors affecting the 
efficiency of sedimentation tanks have been discussed in the first part 
of this chapter. P'oremost among them is the detention period, the 
practical significance of which c^n be gaged by a comparison of the 
results obtained from settling tanks in cities with sewage of different 
characteristics. Figure 87 shows the removal of suspended solids for a 
luimber of different sewages and different tanks during a given deten¬ 
tion ixiriod. Similar curves, showing the effect of detention period on 
the efficiency of an experimental tank at Syracuse, have been presented 
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in Fig. 81. A modified and often more convenient way of presenting 
the information obtained in sedimentation studies is shown in Fig. 88. 

A study of Figs. 81, 87 and 88 shows, among other things, the follow¬ 
ing: the greatest proportion of sedimentation takes place during the 
first hour and little added clarification is obtained beyond the second 
and third hours; the stronger the sewage the greater is the proportionate 
relative removal of suspended matter; to reduce the suspended matter 
in the effluent to the same value, however, longer detention periods are 
required for strong sewage than for weak sewage; and by sedimentation 
it is possible to remove 40 to 75 per cent of the suspended matter from 
sewage of average strength, containing 300 p.p.m. suspended matter, in 



O I^3456789 
Period of. Sedimentation in Hours. 

Fig. 88.—Percentage removal of suspended matter by sedimontation. 


1 to 4 hr. All these conclusions refer to sedimentation under average 
conditions. At any particular plant, wide variations from the general 
average may occur, as evidenced by the results at Clifton and Oswestry, 
England, plotted in Fig. 87. 

Other observations show that, in general, the fresher the sewage, the 
more complete is its clarification, becaus^e the suspended solids in fresh 
sewage have not been comminuted. In well-designed tanks, from 80 
to more than 95 per cent of the settling solids may be deposited. Bac¬ 
terial removal often approxira^,tes that of suspended matter, but during 
warm weather multiplication o/ bacteria in the liquid and nonsettling 
portions of the sewage may offset the removal by deposition. Patho¬ 
genic organisms, it is believed, do not multiply. The removal of total 
organic matter may be about half that of the suspended solids. 

In comparing analyses of influent and effluent in order to determine 
the efficiency of sedimentation tanks, it is well to bear in mind that much 
grease and heavy suspended mattfer in sewage is not included in samples 



















Table 64.—Comparison of Horizontal-flow Plain-sedimentation Tanks 
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100 gal. po* capita daily. 
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taken for analysis. This matter has been discussed in connection with 
the efficiency of screening. 

VERTICAL-FLOW TANKS 

Elements of Design.—In vertical-flow or Dortmund^ tanks (Fig. 80d) 
the influent pipe extends to a considerable depth below the surface, 
where the sewage is distributed at a relatively low velocity throughout 
the horizontal cross section of the tank. The pipe usually ends several 
feet above the elevation of the sludge deposits, to avoid any agitation 
of the sludge by the incoming sewage—unless it is desired to have the 
sewage as it enters come in contact with the sludge, so as to take advan¬ 
tage of any influence the latter may have in promoting precipitation 
by attraction and coagulation. This is apparently of some value 
with certain industrial wastes. 

After leaving the inlet orifice, the sewage spreads out as it rises in 
the tank and its velocity is gradually reduced to a rate at which the 
particles of suspended matter are just held in equilibrium, neither 
rising nor falling. As sewage passes this zone of equilibrium the coarser 
solids are mechanically filtered out by the suspended mass, which 
iiicrcases in density, and coagulation occurs by the aggregation of 
particles. When this mass becomes sufficiently dense, portions drop 
out of the stratum and settle to the sludge at the bottom. 

Sludge is drawn from the conical bottom, as in hopper-bottom tanks, 
without requiring the emptying of the tank and may be delivered by 
gravity at a considerable elevation above the bottom of the tank, 
because of the hydrostatic pressure of the sewage above it. 

Vertical-flow tanks are particularly adapted to the clarification of 
the effluent from trickling filters, because it is desirable to reduce as 
much as possible the time of contact of the liquid and sludge, which is 
best accomplished in this type of tank. If shallow tanks are used, the 
suspended matter in such effluents, accumulating on the sides and 
bottom, will reduce the quantity of dissolved oxygen in the liquid 
passing through them. Vertical-flow tr«^ks are also frequently used 
for the settling of the effluent from activated-sludge units, because the 
deposited sludge is readily withdrawn and thus permits aerobic condi¬ 
tions to be maintained in sewage and sludge. 

Limiting Velocity.—In welW^signed vertical-flow tanks, the upward- 
directed velocity of the sewage is not greater than the hydraulic subsid¬ 
ing value of the suspended solids that are to be removed. A limiting 
value of 0.03 in. i^er second, or 9 ft. per hour, is generally employed. 

Tank Dimensions.—As previously pointed out, vertical-flow tanks 
are restricted more or less to employment following trickling filters and 
activated-sludge aeration tanks. ^ Their use for preliminary clarification 

^ A town in Germany where this type of tank originated. 
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is limited to such an extent that standards of design have not been 
evolved. The tanks at Gloversville, N. Y., are about 49 ft. deep and 
36 ft. in diameter and those at Fitchburg, illustrated in Fig. 89, are 
30 ft. in diameter and 22 ft. 6 in. deep. 

Cost of Construction, Operation and Maintenance of Sedimentation 
Tanks. —The cost of construction of sedimentation tanks is dependent 




Sec+ion or» 

Fig. Sy. —Final-sedimentation tank, Fitchburg, Mass. 

upon the type and characteristics of tank, type of mechanical equipment 
provided, foundation conditions, prevailing unit prices for labor and 
materials and possibly other factors. The cost in 1926 of the humus 
tanks at Akron, which are rectangular tanks with fairly flat bottoms and 
no mechanical sludge-removal equipment, was about 61 cents per cubic 
foot of water capacity, not including engineering. Of this amount 
about 14 cents per cubic foot represented the cost of piles provided 
to counterbalance upward water pressure with the tanks empty. In 
1918 the cost of Dortmund tanks at Fitchburg, not including engineer¬ 
ing, was about 29 cents per cubic-‘foot of \vater capacity. Plain- 
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sedimentation tanks without mechanical sludge-removal equipment 
commonly cost 40 to 65 cents per cubic foot of water capacity. Includ¬ 
ing mechanical sludge-removal equipment the cost may be or more 
per cubic foot. 

The cost of operation is dependent upon the method of sludge removal 
provided and upon the quantity of sludge removed. The power con¬ 
sumption of mechanical sludge-removal equipment is relatively low. 
For tanks 40 to 60 ft. in diameter at the bottom the average power 
consumption may be about 1 hp. per unit. The costs of removing 
skimmings, of cleaning tank walls, of removing sludge and of other items 
of operation are so variable and are so seldom separated from other 
items in the cost of operating a sewage-treatment plant, that average 
figures, if available, would be of little value. 

Maintenance costs of tanks with mechanical ecpiipment are higher 
than for tanks not so equipped. Steel work requires painting at 
frequent intervals, timber needs to be painted, repaired or replaced, 
and worn-out machinery and parts require replacement. Maintenance 
of concrete work ordinarily does not involve large annual charges. 
However, in the event of disintegration, excessive cmcking or other 
failure, the cost of maintenance and repair may be considerable. 
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CHAPTER XIII 


CHEMICAL PRECIPITATION 

Chemical precipitation is a method of increasing the deposition of 
suspended matter and inducing that of colloidal matter by the addition 
to sewage of chemicals that in one way or another iormfloc in the liquid, 
the floe drawing to itself the substances that it is desired to remove from 
the sewage or being produced by these substances. In water purifica¬ 
tion this process is called coagulation. 

Many different substancei» have been used as precipitants. The most 
comnjon ones are calcium oxide or lime, aluminum sulfate or alum, 
lime and ferrous sulfate or copperas, ferric salts, sulfuric acid and sulfur 
dioxide. The degree of clarification obtained depends upon the kind 
and quantity of chemicals used and the care with which the process is 
controlled. It is practicable by chemical precipitation to remove 
80 to 90 per cent of the total suspended matter, 70 to 80 per cent of the 
biochemical-oxygen demand and 80 to 90 per cent of the bacteria. 

The handling and disposal of the sludge resulting from chemical 
precipitation is one of the greatest difficulties of this method of treat¬ 
ment. Sludge is produced in great volume, often reaching 5000 gal. 
for each million gallons of sewage treated. Furthermore, although the 
effluent may have a moderately satisfactory appearance, it is ordinarily 
putrescible and not comparable ^th the effluents produced by oxidation 
processes. These drawbacks, together with the expense of the chemi¬ 
cals, have curtailed the use of chemical precipitation and have led to its 
abandonment in most of the American, and many of the foreign, 
municipal plants formerly employing the process. Lime treatment 
is an important feature of the '‘direct-oxidation process'' described in 
Chap. VI. 

In 1925, an Imhoff-tank, trickling-filter plant displaced the chemical- 
precipitation works at Worcester, Mass. At Providence, II. I., works 
are under construction (1935) for an activated-sludge plant to replace 
the chemical-precipitation plant (1). A number of works in Great 
Britain, however, still employ this process. 

A patent, obtained by Rudolfs in 1931 and assigned to the National 
Aluminate Corp., covers a process of treating sewage which comprises 
adding to it soluble iron salts in the proportion of 3.5 to 5.0 p.p.nL, 
or 29.1 to 41.6 lb. per mil. gal. During the years 1932 to 1935 experi¬ 
ments with ohemical-precipitation processes of ^ewage treatment have 
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been conducted in a number of places in the United States, and construc¬ 
tion of a few new plants employing chemical precipitation has been 
undertaken. These recent developments will be discussed later in 
this chapter. 

In the treatment of municipal sewage, chemical precipitation may 
prove useful under some conditions where the sewage either requires 
treatment for brief periods more complete than plain sedimentation or 
receives unusual quantities of industrial wastes. This process may 
be applicable also, in some cases, as an adjunct to other methods of 
sewage treatment. 

The use of sulfuric acid at Bradford, England, for the precipitation 
of grease from the municipal sewage, which is rich in wool-scouring 
wastes, provides one of the few cases in which a substantial return is 
obtained from the sludge resulting from chemical precipitation. 

An important field for the application of chemical precipitation is 
in the separate treatment of industrial wastes, to render them suitable 
for independent disposal into natural bodies of water or for discharge 
into public sewers for further treatment or disposal with the municipal 
sewage. Such treatment of wastes may simply consist of the utilization 
of different wastes to produce the necessary reaction upon each other, 
or it may consist of the addition of chemicals to produce the desired floe. 

Reactions Involved in Chemical Precipitation.—The coagulants 
added to sewage in chemical precipitation react ^^ther with substances 
normally present in the sewage or with substances added for this purpose. 
The quantity of chemical employed is expressed in parts per million, 
grains per gallon or pounds per million gallons. One grain per gallon 
equals 17.1 p.p.in. and, since 1 p.p.ni. equals 8.33 lb. per mil. gal., 
1 grain per gallon is equivalent to 142;5 lb. per mil. gal. 

The reactions involved in chemical precipitation will be taken up 
in the following order: alum; copperas and lime; ferric sulfate; ferric 
chloride; lime; sulfuric acid and sulfur dioxide. 

Alum .—When alum is added to sewage containing in solution calcium 
and magnesium bicarbonate alkalinity, the reaction that occurs may 
be illustrated as follows: 

666.7 3 X 162 = 3 X lOOCCaCOa) 3 X 136 

Al 2 (S 04 ) 3 l 8 H 20 -f 3Ca(H€03)2 3 CaS 04 + 

Aluminum sulfate Calciun^bi^bonate Calcium sulfate 

Soluble Spfufale Soluble 

2 X 78 6 X 44 

2A1(0H), 4- 6C0j 

Aluminum hydroxide Carbon dioxide 
Inaoluble Soluble 

The insoluble aluminum hydroxide is formed as a bulky, gelatinous 
floe which settles slowly through the sewage, sweeping out suspended 
matter and producing other changes which will be described later. The 
reaction is exactly analogous when magnesium bicarbonate is substituted 
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for the calcium salt. The numbers above the chemical formulas are 
the combining weights of the different sub«Jtances and denote therefore 
what quantity of each is involved. Since alkalinity is reported in 
terms of calcium carbonate, CaCOa, the molecular weight of which is 
100, the quantity of alkalinity required to react with 1 grain i)er gallon 
3 X 100 

of alum is 17.1 X ”~ 000 “ 7 ' “ 7.7 p.p.m. If less than this quantity is 

available for decomposing the alum, artificial alkalinity must be added. 
This is seldom required in sewage treatment. Lime is commonly used 
for this purpose where necessary. 

Copperas and Lhm ,—In ordinary sewages, copperas cannot be 
employed alone as a precipitant and lime must be added at the same 
time, as will appear from the reactions involved. The process is 
commonly spoken of as the %'^on awl Ume process. 


278 

FeSf)47HjO 

Ferroua sulfate 
Soluble 


100(CaCO3) 

+ Ca(HCO .,)2 i 

Calcium bicarbonate 
Soluble 


178 

s FedlCOs)., 

Ferrous bicarbonate 
Slightly soluble 


1.16 7 X 18 

+ CaS04 + 7Il2() 

Calcium sulfate 
Soluble 


If lime, CaO, is now added in the form of milk of lime, Ca(OH) 2 , iCaO + 
H 2 O Ca (OH)..] the reaction that takes place is: 

178 2 X 56(CaO) 89.9 2 X 100 2 X 18 

Fe(H(X ).,)2 + 2 Ca(()H )2 FeCOH). + 2CaC()3 + 2 H 2 O 

Ferrous bicarbonate Calcium hydroxide Ferrous hydroxide Calcium carbonate 
Slightly soluble Slightly soluble Very slightly soluble Somewhat soluble 

The ferrous hydroxide next may be oxidized to ferric hydroxide, the 
final form preferred, by oxygen dissolved in the sewage: 


4 X 89.9 32 

4Fe(OH)2 + O 2 + 

Ferrous hydroxide Oxygen 
Very slightly soluble Soluble 


2 X 18 

2H2O 


4 X 106.9 

4Fe(OII)3 

Ferric hydroxide 
Insoluble 


The insoluble ferric hydroxide is formed as a bulky, gelatinous floe 
similar to the alum floe. One grain per gallon of copperas requires 
100 _ .2 X 56 


17.1 X 2 ^ = 0.2 p.p.m. of alkalinity; 17.1 X 


278 


= 6.9 p.p.m., 


32 


or 0.40 grain per gallon, of lime; and 17.1 X 4 " ^ ’ 278 ~ p.p.m. of 

oxygen. Oxidation is favored by a high pH value which is established 
in some degree by the lime. 

In sewage treatment, lime commonly is added in excess of the quantity 
required to complete the ‘^iron-and-lirae*^ reaction, the excess lime being 
relied upon as an additional clarifying agent in accordance with the 
principles set forth later. Experience has shown that the best results 
are obtained when sufficient lime is added to produce a pink color when 
phenolphthalein is used as an indicator. This is equivalent to a pH of 
approximately 8.3. At Worcester a large excess of ferrous sulfate 
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generally was present in the sewage and ferrous hydroxide was formed 
in great quantities, when lime was added to produce phenolphthalein 
or carbonate alkalinity. Under these conditions much of the ferrous 
hydroxide was not oxidized but a remarkably clear, colorless effluent 
could be produced. 

Hazen found that ferric salts have an advantage over ferrous salts, 
because the ferric hydroxide formed is more readily precipitated and is 
more nearly insoluble than ferrous hydroxide (2). Furthermore, the 
use of lime may not be required with ferric salts, which are precipitated 
by bicarbonates in the sewage even in the presence of free carbonic acid. 
Ferric salts have not been generally employed in the past, because they 
were not readily available as a commercial product of low price. 
Recently, however, they have been placed on the market at much more 
favorable prices. 

Ferric Sulfate .—When ferric sulfate solution is added to sewage which 
normally contains calcium and magnesium bicarbonate alkalinity, the 
reaction that takes place may be illustrated as follows: 

399.9 3 X lOO(CaCOa) 

Fe2(S04)3+ 3Ca(HC03)2 

Ferric eulfaie Calcium bicarbonate 
Soluble Soluble 

2 X 106.9 3 X 136 6 X 44 

?:i2Fe(OH),+ 3CaSO, + 6 GO 2 

Ferric hydroxide Calcium sulfate Carhm dioxide 
Insoluble Soluble Soluble 

If milk of lime is added to supplement the alkalinity of the sewage, 
the reaction may be assumed to be as follows: 

399,9 3 X 66(CaO) 2 X 106.9 3 X 136 

Fe2(S04)3 + 3 Ca(OH )2 T± 2 Fe(OH )3 + 3 CaS 04 

Ferric sulfate Calcium hydroxide Ferric hydroxide Calcium sulfate 
Soluble Slightly soluble Insoluble Soluble 

Ferric Chloride ,—When ferric chloride is added to sewage the reaction 
that takes place may be expressed as follows: 

2 X 162.2 3 X lOO(CaCOi) 2 X 106,9 3 X 111 6 X 44 

2 FeCl 3 + 3 Ca(HC 03)2 ^ 2 Fe(OH )3 + 3 CaCl 2 + 6 CO 2 

Ferric chloride Calcium bicarbonate Ferric hydroxide Calcium chloride Carbon dioxide 

Soluble Soluble Insoluble Soluble Soluble 

If milk of lime is added to supplement the alkalinity of the sewage, 
the reaction may be assumedito be as follows: 

2 X 162.2 3 X 56{c4o) 2 X 106.9 3 X 111 

2 FeCl, + 3 Ca(OH )2 ^ 2 Fe(OH )3 + 3 CaCl 2 

Ferric chloride Calcium hydroxide Ferric hydroxide Calcium chloride 

Soluble Slightly soluble Insoluble Soluble 

Lime .—^When lime alone is added as a precipitant or is used in excess 
of the quantity required for the precipitation of the iron in the iron and 
lime process, the principles of ^clarification are explained by the following 
reactions: 
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68 (CaO) 44 ^COj) 100 2 X 18 

Ca(OH)2 + H2CO3 CaCO, + 2H2O 

Calcium hydroxide Carbonic acid Calcium carbonate 

Slightly soluble Soluble Somewhat soluble 

66(CaO) lOOCCaCOa) 2 X 100 2 X 18 

Ca(OH)2 + Ca(HCO,)2 2 CaCO, + 2H2O 

Calcium hydroxide Calcium bicarbonate Calcium carbonate 
Slightly soluble Soluble Somewhat soluble 

A sufficient quantity of lime, therefore, must be added to combine with 
all the free carbonic acid and with the carbonic acid of the bicarbonates, 
called half-bound carbonic acid, to produce calcium carbonate, which 
acts as the coagulant. Much more lime is generally required when it is 
used alone than when sulfate of iron also is employed. Where industrial 
wastes introduce mineral acids or acid salts into the sewage, these must 
be neutralized before precipitation can take place. 

If sufficient lime is to give the sewage a distinct hydroxide 

alkalinity, a large proportion oi the bacteria will be killed, thus producing 
th^ double effect of clarification and disinfection. This treatment is 
employed in the “direct oxidation process.’^ 

If too much lime is used in the treatment of sewage, some of the 
suspended organic matter will be dissolved by the caustic calcium 
hydroxide and escape in the effluent. If insufficient quantities are added, 
the effluent will not be well clarified. 

Sulfuric Acid and Sulfur Dioxide .—In the Miles acid process for 
precipitation of fats, outlined in Chap. VI, either sulfuric acid or sulfur 
dioxide is used as a precipitant. Neither of these substances forms 
floe in the same manner as the precipitants previously mentioned. 
When sulfuric acid is added to sewage it neutralizes the alkalinity as 
follows: 

98 lOOCCaCOs) 136 2 X 44 2 X 18 

H2SO4 + Ca(HC03)2 4=^ CaS04 + 2COo -|-2H2O 

Sulfuric acid Calcium bicarbonate Calcium eulfate Carbon dioxide 
Soluble Soluble Soluble Soluble 

Any excess remains in solution as sulfuric acid. Only soluble substances 
are formed in this reaction and the mechanism of precipitation, there¬ 
fore, is not due to the production of a chemical precipitate as in the 
previous instances. Precipitation must be laid to other causes, which 
will be described later. 

When sulfur dioxide is used, it hydrolizes to form sulfurous acid and 
reacts with the alkalinity of the sewage to form bisulfites. Both of 
these compounds are oxidized in* the presence of dissolved oxygen. 
The reactions may be stated as follows: 

2 X 82 lOOCCaCO.) 202 2 X 44 2 X 18 

2 H 2 SOS 4- Ca(HC08)2 5P±Ca(HS08)2 + 2 CO 2 + 2 H 2 O 

Sulfuroue add Calcium bicarbonate ^ 'Calcium biculfite Carbon dioxide 
Soluble Soluble 
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64 18 82 

so, + HjO ^ H,SOa 

StUfur dioxide Sulfuroua acid 

Soluble Soluble 

2 X 82 32 2 X 98 

2 H,SO, + 02 ^ 2H,S04 

Stdfuroue acid Oxygen Sulfuric acid 
Soluble Soluble Soluble 

202 32 136 98 

Ca(HSO,), + 0, 4 ^ CaSO, + H 2 SO 4 

Calcium hiaulfiU Oxygen Calcium sulfate Sulfuric acid 
Soluble Soluble Soluble Soluble 

Here again only soluble substances are formed. 

How Chemical Precipitation Acts.—The reactions which take place in 
chemical precipitation are complex. The typical reactions noted explain 
the changes only in part and they do not proceed, necessarily, exactly as 
indicated. They often are incomplete and side reactions with other 
substances in the sewage may take place. The chemical structure of 
the different substances and changes therein, however, will serve as a 
useful guide in the interpretation of the way in which precipitation acts. 

With the knowledge now available, precipitation reactions may be 
ascribed to the following properties of the precipitant, which it may 
possess in part or as a whole: the formation by chemical reaction of 
insoluble or very slightly soluble precipitates, which in a mechanical 
way enmesh suspended matters and carry them down; adsorption of 
dissolved or colloidal matter on the large surfaces presented by the 
precipitate; ionization of the precipitant to yield high-valent ions, which 
may neutralize the electrical charges on colloidal particles and cause 
their coagulation and deposition, positive ions precipitating negative 
colloids and negative ions removing positive colloids; ionization of the 
precipitant to yield hydrogen ions or hydroxyl ions, thus rendering the 
sewage more acid or more alkaline. 

The floc-forming chemicals possess of themselves all these attributes; 
the others possess only the last two, but may give rise to the first two 
phenomena listed by causing the formation of floes of sewage matter. 
The first two properties are readily understandable. A brief explana¬ 
tion of the last two, however, may be helpful. 

The properties of alum for this purpose may be considered as follows: 
The precipitate formed is aluminum hydroxide. The solubility of this 
substance depends upon the/hjdrogen ion concentration of the liquid. 
At low pH values it dissolves^ aluminum ion, A1+++, while at high ones 
it goes into solution as aluminate ion, A 1 ( 0 H) 20 '“. Somewhere in 
between, it is practically insoluble. As far as floe formation is con¬ 
cerned, therefore, it is important to have the liquid at the pH of greatest 
insolubility. In pure water this has been found to be in the vicinity of 
pH 6.5. In sewage it probably varies considerably with the nature of 
l^e sewage matters present. It^has been observed, however, that the 
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presence of high-valent positive ions causes the precipitation of negative 
colloids and, conversely, that the presence of high-valent negative ions 
produces the settling of positive colloids. Hence it is seen that the best 
clarification is not necessarily obtained at the pH of greatest insolubility 
of the floe. What are the best conditions for clarification will depend 
upon the state of the matters to be removed. Ordinarily, it may be 
assumed that the mechanical and adsorptive removal of solids is brought 
about best by the formation of an insoluble fioc, while colloidal materials 
are affected particularly by the presence of high-valent ions. 

The importance of the hydrogen ion concentration of the liquid is 
apparent and studies to determine the optimum pH for clarification are 
helpful. Control of the hydrogen ion concentration, beyond the effects 
of necessary quantities of the coagulant itself, is commonly maintained 
by the use of sulftiric acid or lime. 

Volume of Sludge Produced.—^The quantity of sludge deposited in 
(^emical precipitation tanks is greater than that obtained by plain 
sedimentation, because of the coagulating effect of the chemicals on 
the suspended matter and because of the presence in the sludge of the 
insoluble products of reaction of the chemicals used. 

The following assumptions arc illustrative: 


1. Sewage solids removed by chemical precipitation in 8 hr., 210 p.p.m. = 
210 X 8.33 = 1760 lb. per mil. gal. 

2. Copperas added, 70^ lb. per rail. gal. forming 70 X = 27 lb. 

ferric hydroxide. 

3. Lime added, 600^ lb. per mil. gal., enough to satisfy the requirements of 
the copperas and combine with the free CO 2 and bicarbonates present to 
form calcium carbonate. 

112 100 

a. From reaction with copperas, 70 X ^ "gg = 50 lb. CaCOa per 


mil. gal. 

b. From reaction with C-Oo and bicarbonates, 


300 

112 


X 


(eoo-sox^) = 


1630 lb. CaCOa per mil. gal. 

c. Solubility of CaCOs, 11 p.p.m. = 11 X 8.33 = 92 lb. CaCOa per mil. 
gal. 

d. Total CaCOa in sludge, (60 -f- 1530) — 92 = 1488 lb. per mil. gal. 

4. Total solids in sludge on a dry basis = 1760 -f- 27 + 1488 = 3266 
lb. per mil. gal. 


On the assumption that the specific gravity of the sewage solids is 1.3, 
much of the light material being precipitated, and that the specific 
gravities of ferric hydroxide and calcium carbonate are 3.4 and 2.7, 
respectively, the specific gravity of the solids becomes 1.7 and, since 
sludge of this type commonly contains 92.5 per cent water, the specific 

> I'hes* are quantities used for many shears at Providence, R I. 
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gravity of the sludge may be taken as 1.03. The volume will be 
3265 

8T33 X 0 :0 75 X 1.03 “ ^ P®** 

Ifflements of Design. —As chemical precipitation has not been generally 
employed for municipal plants lately, there is comparatively little 
American practice which is worthy of note. In cases where chemical 
precipitation may be employed in the future, for treatment of municipal 
sewage, it is probable that the plants will be designed along lines quite 
different from those employed in the old plants now abandoned and more 
like the plants used in water purification. 

The treatment of industrial wastes varies so greatly in the conditions 
encountered that there is comparatively little uniformity in the designs 
thus far employed. The tendency in this field, as in that of the treat¬ 
ment of municipal sewage, is toward the utilization of more mechanical 
appliances than was common practice when chemical precipitation was 
more in vogue. 

Recent Developments in Chemical Precipitation.—During the 
past 10 or 15 years mechanical equipment has been introduced into 
Wwage-treatment practice in this country on a far more extensive scale 
than was prevalent during the preceding thirty years. This use of 
ipechanical equipment, together with advances in the chemistry of 
coagulation and improvements in the manufacture o*’ chemicals, which 
have made possible the production of certain precipiiants at a fraction 
of their former cost, has led to renewed interest in chemical precipitation 
of sewage during the past few years. 

Chemical-precipitation plants have been built or are under construc¬ 
tion at Dearborn, Mich., Perth Amboy, N. J., Ashland, Ohio, and 
Birmingham, Ala, Plans for a 35-m.g.d. plant to be built by the city 
of New York at Coney Island contemplate the use of iron salts and 
lime as coagulants to aid sedimentation during the four summer months 
(3). The Sanitary District of Minneapolis-St. Paul has adopted a 
plan for treating a sewage flow of 134 m.p..d. by plain sedimentation, 
supplemented by chemical precipitation with ferric chloride during 
two months of the year (4). In addition, experiments with chemical- 
precipitation processes of sewage treatment have recently been con¬ 
ducted at a number of places in tliis country. 

Laughlin Process. —^In 1932 a sewage-treatment plant using a chemi¬ 
cal-precipitation process developed by Laughlin was put into operation 
at Dearborn, Mich. (6). It is known as the West Side plant. Here 
the substances added to the screened sewage have been varied from 
time to time, but in general have been pulped waste paper, lime and 
ferric chloride. The sewage, after receiving the dose of chemicals, is 
subjected to a short period of vigorous mixing, followed by flocculation 
and sedimentation for a period of 1 to 3 hr. The effluent from the two 
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precipitation tanks undergoes rapid upward filtration through a thin 
layer of magnetite sand, which is cleaned periodically by a traveling 
magnetic device. The final effluent is chlorinated and the sludge is 
dewatered by vacuum filtration. In 1935 an incinerator was installed 
to dispose of the dewatered sludge. Ordinarily, wet sludge from plain- 
sedimentation tanks at the East Side sewage-treatment plant is dis¬ 
charged into the sewage entering one of the chemical-precipitation 
tanks. 

From October, 1932, to April, 1933, the West Side plant treated an 
average of 2.61 m.g.d. of sewage, together with 0.21 m.g.d. of sludge 
from the East Side plant (6). During this period the plant effected 
reductions of 95 per cent in suspended solids and 88 per cent in B.O.D., 
based on the composite analysi: of incoming sewage and sludge. From 
November, 1933, to April. 1934, the method of operation was modified 
so that West Side sewage and East Side sludge were treated separately. 
During this period, tie average quantity of sewage treated was 1.74 
m.g.d. and the reductions in suspended solids and B.O.D. in the sewage 
alone averaged 92 per cent and 78 per cent, respectively. In the latter 
period, the quantities of precipitants used in treating the sewage alone 
were as follows: lime, 147 lb. per mil. gal.; ferric chloride, 306 lb. per 
mil. gal.; and paper, 73 lb. per mil. gal. 

In 1935 a sewage-treatment plant designed to utilize the Laughlin 
process of chemical precipitation is under construction at Perth Amboy, 
N. J. 

Guggenheim Process.—A small chemical-precipitation plant, demon¬ 
strating a process developed at the Guggenheim Laboratories, was 
operated for six months in 1933 at the North Side sewage-treatment 
works of the Sanitary District of Chicago (7). In this process the 
sewage is subjected to two operations: removal of suspended matter 
and nonbasic dissolved matter by coagulation and precipitation with 
an iron salt and an alkali, such as ferric sulfate and lime, and removal 
of soluble basic compounds by passing the clarified sewage through 
a bed of base-exchange zeolite. Disposal of the sludge is effected by 
filtration and incineration, the resulting ash being treated for the 
recovery of iron in the form of ferric sulfate. The zeolite is regenerated 
by means of a brine solution, from which ammonia is subsequently 
recovered. 

The results obtained while operating this plant at Chicago from 
March 6 to Sept. 17, 1933, are reported by Gleason and Loonam (8) of 
the Guggenheim Laboratories. The average quantity of sewage treated 
was about 27,000 gal. daily. Ii^n and lime were added at average 
rates of 237 and 383 lb. per mil. gal., respectively. The plant effluent 
showed an average reduction of 91.2 per cent in the B.O.D. and a 
removal of suspended solids ambunting to 97.4 per cent. The moisture 
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in the sludge from the clarifier was reduced by a thickener and a vacuum 
filter from 95.2 to 76.4 per cent prior to disposal of the sludge in a rotary 
dryer and incinerator. 

Relative to the Guggenheim process, Pearse (7) expresses the opinion 
that 

of the various so-called chemical processes it appears to be the most com¬ 
plete, offering an entire process, capable of delivering a high-grade effluent 
and disposing of the sludge. ... It would seem as though there may be 
situations where the process may be adaptable, especially on more con¬ 
centrated sewage and in soft-water regions. 

Recently the Guggenheim process has received favorable considera¬ 
tion for Raleigh, N. C. 

Travers-marl Process. —In 1931 the Ohio Department of Health 
conducted a test of the Travers-marl process of sewage treatment at 
Circleville, Ohio (9). The main features of the demonstration plant 
consisted of chemical-dosing devices, a chemical-precipitation tank 
^d a cascade aerator. The chemicals added to the sewage were 
hydrated lime, marl and ferrous sulfate. The precipitation tank was 
divided into two compartments, each provided with a shallow, trape¬ 
zoidal sludge pit. The secondary compartment of this tank contained 
ah upward-flow, shallow, sand-and-gravel filter, resting on a false bot¬ 
tom, above the sludge jnt. The effluent from the cheuiical-precipitation 
tank passed over the aerator before being discharged into the Scioto 
River, 

The average rate of sewage flow during the two months of the test 
was about 169,000 gal. daily. Rased upon observations at Circleville, 
Waring states that this process may be expected to remove from munici¬ 
pal sewage nearly 92 per cent of the suspended solids, 15 to 30 per cent 
of the colloidal matter and nearly 70 per cent of the organic matter, as 
measured by the B.O.D. test. The water content of the sludge pro¬ 
duced during the test run was somewhat less than 90 per cent, on 
the average. 

In 1932 the Travers-marl process was installed at the sewage-treat¬ 
ment plant at Ashland, Ohio, ejpsting septic tanks being utilized for 
chemical precipitation. Mohlm^n (10) states that the chemicals used 
at Ashland are ferrous sulfate,^ lipie, marl and alum. He reports that 
tests made at Ashland over a period of 12 days in 1933, with an average 
flow of 500,000 gal. daily, gave approximately 85 per cent reduction 
of the suspended solids and 50 per cent reduction of the B.O.D. 

Treatment with Chlorinated Copperas. —At the Shades Valley plant 
in Birmingham, Ala., chlorinated-copperas solution is used in the 
treatment of sewage by chemica\ precipitation (11). This solution 
consists largely of ferric chloride and chlorine. The plant, which is 
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designed to treat a sewage flow of 2 m.g.d., contains a ^^flash mixer/^ a 
flocculator, two sedimentation tanks, two sludge-digestion tanks and 
five sludge-drying beds, in addition to a bar screen, two chlorinators 
and two dry-feed machines. There is a division wall in the flocculator 
which allows it to be used as two separate units. In normal operation, 
the screened sewage flows first into one side of the flocculator, where the 
chemical sludge, pumped from the secondary-sedimentation tank, is 
mixed with it continuously. This mixture then flows into the primary- 
sedimentation tank. 1 he settled sewage then flows to the mixer, where 
chlorinated copperas and free chlorine are added. It then flow^s through 
the other half of the flocculator and into the secondary-sedimentation 
tank. This process seems to be practically the same as one for which 
Stevenson (12) applied for letters patent. 

The sludge from the primary-sedimentation tank at the Shades Valley 
plant is digested in t^o -stages, the first stage taking place in a heated 
^tank, equipped with, a mechanical stirring device, and the second in a 
plain, unheated tank. Gas is to be collected from both tanks and 
utilized in the plant. The digested sludge is to be dried on open drying 
beds. 

The i)lant was placed in regular chemical operation in September, 
1934, and the chemical process had been utilized for about two months 
up to Dec. 1, when chemical treatment was discontinued for the winter 
season and plain sedimentation was substituted (13). Treating an 
average flow of about 1 m.g.d. by chemical precipitation, the plant 
reduced the H.O.D. of the sewage from 80 to 10 p.p.rn., on the average. 
The suspended-solids content of the sewage was reduced from 100 to 
9 p.p.rn. These results were accomplished by adding 70 lb. of chlorine 
and 440 lb. of ferrous sulfate to each million gallons of sewage treated, 
a dosage equivalent to 290 lb. of ferric chloride, computed on an iron- 
content basis. 

Other Processes. —Other chemical-precipitation processes on which 
development work has been conducted recently include the following 
(10, 14): the Cabrera process, using aluminum sulfate and chlorine, with 
recirculation of sludge; the Diamond Alkali process, using chlorine, 
ferric chloride, and/or lime; the Lewis i)rocess, using ferric chloride, 
lime, cement dust and ferrous sulfate; the Miller-Roller process, using 
lime, copper sulfate, sodium carbonate, sodium aluminate and chlorine; 
the Putnam process, using ferric chloride, lime and charred sludge; the 
Scott-Darcey process, using iron and chlorine; the Stevenson process, 
using ferric chloride, together with chemical sludge which has been 
regenerated by chlorine; the Streander process, using ferrous sulfate, 
lime and air; and the Wright process, using [)aper pnlj) with or without 
lime, followed by vacuum filtration. A proprietary method of treat¬ 
ment called the ''bio-reduction process” has recently come to the 
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attention of the authors. This method consists essentially of chemical 
precipitation of the sewage solids and aerobic digestion of the sludge 
after concentration by centrifuges. The novelty of the process appears 
to lie in the return of part of the digested sludge to the incoming sewage, 
for the purpose of assisting coagulation, and in the aerobic rather than 
the anaerobic digestion of the sludge. The process is still in the develop¬ 
mental stage, although a 0.5-m.g.d. plant is being constructed in the 
South. 
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CHAPTER XIV 


SLUDGE DIGESTION 

Apart from gritty, mineral matter settling in grit chambers, the 
solids removed from sewage by sedimentation and chemical precipita¬ 
tion settle to the bottom of clarification tanks and accumulate in a 
loose, honeycombed structure, the voids of which are filled with water 
containing more or less dissolved solids. This sludge is large in bulk, 
owing to its high water (content, and putrescible, owing to its high 
organic content. Slndge resulting from plain sedimentation often 
Contains 90 to 95 pdx* cent water by weight and about two thirds of 
the solids are organic in nature. 

Floating solids that are removed by screens or . kimming tanks and 
heavy mineral solids deposited as grit in grit chambers or detritus tanks 
are not usually classed as sludge, but when no preliminary separation 
of these solids is made, the sludge will contain both these elements. 
The term sludge does apply in a wider sense, however, to the deposits 
from sedimentation of the effluent from trickling filters and from 
activated-sludge aeration units. 

The storage, removal and disposal of the solids deposited in clarifica¬ 
tion units is an integral part of sedimentation and chemical-precipita¬ 
tion processes, although a part which, in many cases, has been neglected 
or handled inade(iuately. In a number of clarification devices the 
accumulating solids are stored for a sufficient length of time before 
removal from the clarification units, as in septic and Imhoff tanks, or 
in immediate connection with them, as in separate sludge-digestion 
tanks, to permit the sludge to undergo anaerobic decomposition. This 
is called septicization and, if carried on with a vie\v to the relative comple¬ 
tion of the processes of decomposition, it is termed sludge digestion. 

There are several reasons for the digestion of sewage solids, among 
which the following may be mentioned: the breaking down of the 
putrescible organic matter, thereby rendering the sludge inoffensive 
and thus facilitating its disposal; the liquefaction, gasification and 
compacting of the sludge incidental to the destruction of the organic 
solids, which result in a reduced bulk of material to be handled; the 
physical conditioning of the sludge during digestion, which increases 
the readiness with which the sludge is dewatered and dried; and utiliza¬ 
tion of the combustible gases i\i decomposition. 

365 
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Sewage sludge constitutes a rich culture medium in which hosts of 
microorganisms, notably bacteria, find an abundant food supply, 
providing them with energy for life, growth and reproduction. Being 
complex in character, the sludge is able to support a variety of groups of 
organisms capable of utilizing the different types of food substances, 
either as they occur originally in the solids or as they are modified by 
the activities of the various organisms developing in the sludge. In 
large measure the products of one group of organisms become available 
to other groups, until the bulk of the nutritive elements is consumed 
and the sludge is rendered stable. In this final state it is said to be 
well digested. The end products of digestion are gases, liquids, mineral 
compounds and nondigestible organic matter. Generally the latter 
is called ^ * humus. 

While protozoa may be seen to ingest visible particles of organic 
matter, most of the other unicellular microorganisms of decomposition 
probably absorb their food substances through their cell membranes. 
To obtain nourishment from solid matter, therefore, they must peptize, 
or liquefy, particles that are too large to be absorbed through their cell 
walls. This they do by means of enzymes, catalytic^ agents that are 
carried in or secreted by living cells. Certain enzymes decompose 
nitrogenous substances, while others act on carbohydrates and still 
others on fats (1). 

, In treatment works, sewage solids are submitted to digestion either 
while remaining in contact with the flowing sewage, as In septic tanks, or 
after separation from the flowing sewage, as in Imhoff tanks and separate 
sludge-digestion tanks. The principles of digestion, however, are the 
same in both cases. Sludge digestion is an anaerobic process and, even 
though the flowing sewage be in immediate contact with the sludge, 
diffusion of oxygen into the sludge mass is so slow that, after the free 
oxygen in the sludge has been exhausted, anaerobic conditions prevail 
in the sludge mass. 

It is quite important that digestion proceed rapidly, without inter¬ 
fering with the sedimentation processes, withqut adversely affecting the 
nature of the flowing sewage and without giving rise to offensive odors. 
All these requirements can be met by appropriate design and operation 
of clarification plants. 

Materials commonly digested include the suspended and colloidal 
solids removed from the sewage by the several available processes of 
clarification, in some cases toge:^ler with organisms which develop in 
large quantities in certain treatment units, such as trickling filters, as 
well as other substances which are products of biological changes. 
Coarse suspended matter and floating substances are digested with the 

1 Catalysts are substances that promote chemical reactions without themselves entering 
into the reactions. 
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other solids, unless separated therefrom by preliminary procesj 
as screening and skimming, in which case they may be digested | 
themselves or in conjunction with some sludge. In the case of sludge 
from chemical precipitation of sewage, which contains, in addition to the 
sewage solids, a chemical precipitate, little or no experience has been 
obtained with its digestion. 

Course of Sludge Digestion.—^While the way in which sludge digestion 
operates is still understood incompletely, much has been learned about 
it during recent times. Three major stages may be distinguished in the 
course of digestion of freshly deposited sewage solids: intensive acid 
production; acid regression or acid digestion; and intensive digestion of 
more resistant materials. The various changes manifested during these 
three stages have been outlined schematically by Rudolfs (2) as follows: 

DiGEsiioN rp Fresh Sewage Solids 

* (Neither weli-ciige.stod sludge nor lime being added) 

I. Period of intensive acid production 

A. Materials attacked 

1. Easily available carbohydrate's (sugars, soluble starches, 

cellulose) 

2. Soluble nitrogenous compounds. 

B. Organisms responsibh^: B. coli group, spore-forrning anaerobes. 

C. Characteristics 

1. Increase in acidity 

2. Solids: gray, less than half on top 

3. Odors: putrefactive, H 2 S 

4. Liquid: fairly clear to slightly turbid 

5. Slight coagulation of colloidal material with heat and alcohol 

6. Disappearance of protozoa 

7. Increasing B.O.D. values. 

D. Products 

1. Organic acids, H 2 S 

2. Gas: comparatively large volume with high percentage of CO 2 

and N 2 

3. Acid carbonates. 

E. pH range: 6.8 to 6.1. 

F. Results 

1. Reduction of colon organisms 

2. Retardation of proteolysis^ 

II. Period of acid regression or acid digestion 

A. Materials attacked 

1. Organic acids 

2. Nitrogenous compounds. ' 

B, Organisms responsible; not definitely determined. 

* Proteolysu is the digestion of proteid matter. 
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C, Characteristics 

1. Prolongation of the low level of pH values followed by a slow 

rise 

2. Solids: gmy to yellowish-brown, half to four-fifths at top 

3. Oddrs; H 2 S, indol, onion (mercaptans) 

4. Liquid: slightly turbid (milky) to yellow 

6. Some to eonsiderahh' coagulation of colloidal material with 
heat and alcohol 
6. High B.O.D. values. 

D. Products 

1. Gas: small volume, with decreasing percentage of (>0-2 and N 2 ; 

hydrogen formed 

2. Ammonia compounds (amines, etc.) 

3. Acid carbonates. 

E, pH range: 5.1 to 6.6 or 6.8. 

F. Results 

1. Gradual rise of pH curv(‘ 

2. Acceleration of digestion 

3. Foaming. 

III. Period of intensive digestion of more resistant materials 

A. Materials attacked 

1. Nitrogenous materials 

(a) Proteins 

(b) Amino acids, etc. 

2, Lignocellulose (?) 

B. Organisms responsible: spore-forming aiiaeroJa's, and fat-splitting 

organisms. 

C. Characteristics 

1. Decreased acidity 

2. Increased alkalinity 

3. Hlowly risifig pH cuive 

4. Solids: dark brown to black, half to none at top. 

6. Odors: odor associated with methane; tarry, rubber 

6. Liquid: slightly turbid to clear 

7. Some to no coagulation with heat^ slight to no coagulation with 

alcohol 

8. Reappearance of protozoa 

9. Rapidly decniasing ILO. D. yaJues. 

Z>. Products 

1. Ammonia and other protean degradation ])rodu(!ts 

2. Organic acids 

3. Gas: large volume with high percentage of C'H 4 , low CO 2 and 

Ni, and no H 2 . 

E, pH range: 6.9 to 7.4. 

jP. Results: sludge stable enough for disposal. 

It is evident that the progress of digestion can be measured in a 
number of ways. -Many of the iests required to establish the changes 
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that take place, however, are quite complicated. The volume and 
composition of the gases produced, taken together with the pH of the 
digesting sludge, present probably the simplest gage of the progress of 
digestion as a whole and are often used as such. Reduction in the 
organic content of the sludge or increase in mineralization is another 
simple and valuable criterion. The variations in these three parameters, 
together with certain other characteristic changes occurring during 
digestion, as given by Rudolfs (1), are shown in Fig. 90. 




Fig. 90.—Characteristica of digesting sewage sludge.^ 

In sludge-digestion units all three stages of digestion are operative 
at one and the same time. Fresh solids are continually being added and 
digested solids are being removed from time to time. This presence of 
material in the various stages of digestion leads under suitable condi¬ 
tions to the establishment of a physical, chemical and biological balance 
such that digestion progresses rapidly and without the production of 
offensive conditions. Attainment of this balance is an important factor 
in the design and operation* of digestion units. 

Factors Influencing Digestion.—^Among the factors that affect diges¬ 
tion and are readily subject to technical control are seeding, temperature 
and reaction. 

Seeding .—By seeding is meant the addition to fresh solids of sludge 
already in process of digestion, some of it being fully digested. Seeding 

1 AT fft-AT representa amino nitrogen. 
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is importaut in two ways. First, it inoculates the fresh solids with the 
desired organisms and enzymes of decomposition which have established 
themselves in the digesting material. Second, when properly con¬ 
trolled, it provides a balanced environment in which all organisms 
needful to carry the solids through the three stages of digestion find 
^^^triment and in which reaction conditions prevail^ which permit them 
to carry on their life processes and thus to digest the solids expeditiously 
and well. The difference in the rate of digestion of seeded and unseeded 

sewage solids, as presented by 


17^^^ Rudolfs, is shown in Fig. 91 (1). 

7.4 - / L...Inocu/aM ^ If sludge is submitted to 

y / anaerobic decomposition without 

Reac+ion J seeding, as is done when a diges- 
5.6-\ ^ tion tank is placed in operation 

g ^ \ rRof InocuJaM after construction or after clean- 

- ing or repairs, it passes through 

/\ the three stages but slowly. At 

\ the common sewage temperature 

. / j of 60°F., for example, Rudolfs 

. / 1 n I (3) found that about 8 months 

O■ y \ Production required before the sludge 

5^1 can be drawn for satisfactory 

\ yj disposal, wliereas 2 months are 

, 4 - \NoiJnccul«hi:^ jy ordinarily adequate when the 

OL- h — sludge is well seeded. This 

15 45 75 105 135 165 195 x- r u j. vi i j 

Qg ratio of about 4:1 is observed, 

^ too, at other temperatures. The 

I’*™". 

conditions to become established 
is called the ripening period. Once equilibrium is reached, fresh 
solids can be added continuously in definite quantities without 
destroying the balance. 

Rudolfs (4) found that when about 2 p-^r cent of fresh solids by weight, 
on a dry basis, or about 10 per cent by volume, on a wet basis, are added 
daily to sludge digesting normally at about 70®F., there is an increase 
in the ash or mineral content ctf the sludge proportional to the quantity 
of fresh solids added and the ^il-te of digestion is therefore presumably 
equal to the rate of addition irt^fresh material. In other words, the time 
required for digestion is about 50 days. The digestion schedule naturally 
varies with the other factors discussed in this section. 

Heukelekian (5) has concluded that sludge reaches an optimum 
condition for seeding purposes when decomposition or digestion is just 


R € a c I 


InocuJafed 


Jnoculaied 


Daily Gas 
Prod uc + ion 


^ Nof Inocuh /ed; ^ ^ 

^5 45 75 105 lis 165 m 

Days 

—Effect of seeding upon the rate 
of digestion of sludge. 


* The reaction of wefl-digested sludge id stable and not easily altered. 





SLUIJGK DIGESTION 


361 


complete and that the condition is maintained for about a month 
thereafter. 

Temperature .—Since digestion is a biological process, decomposition 
proceeds most rapidly at temperatures at which life processes of the 
organisms of decay are most active. As shown in Fig. 92, the optimum 
conditions for normal or readily maintainable temperatures are encoun¬ 
tered between 80 and 90°F. Below this range, there is a rapid falling 
off in the rate of digestion. According to tins diagram, if the digestion 
time at 60°F. is 4 months, the time at 72° is 2 months and at 85®, 1 
month. In the report of the Committee on Sludge Digestion, Sanitary 



Time RcquiredlforDi 9 e&tioninfcrn»of Time Required tit 60*F. 


Fi(}, 92.—Influence of temperature on sludge digestion.^ 

Engineering Division, American Society of Civil Engineers, the effect 
of temperature on the time of sludge digestion was summarized as 
follows (6): 


Temperature, °F. 
55 
68 
82 

120-140 

170 


Number of Days Required 
for Digestion, before Sludge Is 
Ready for Withdrawal 
120 
42 
30 
12 
11 


In septic and Imhoff tanks, the temperature of the sludge lags only 
slightly behind that of the sewage. From Tables 26 and 27 it will be 
seen that the average annual temperature of sewages in the northern 
part of the United States is about 60®F. and that temperatures favoring 
rapid digestion are restricted to the summer and autumn of the year. 

1 For additional information, see Fair and Moore (9). 
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Low temperature retards digestion, necessitating storage of the sludge 
in the digestion units for longer periods of time. A knowledge of prevail¬ 
ing sewage temperatures is, therefore, essential in determining upon 
the sludge-storage space to be provided in septic and Imhoif tanks. 

In unheated separate sludge-digestion tanks the temperature of the 
sludge follows more closely the air temperature and averages lower 
than for septic and Imhoff tanks. Utilization of the gases of decomposi¬ 
tion for the purpose of heating separate sludge-digestion tanks has 
recently come into vogue. The temperatures commonly maintained 
range from 70 to 90®F. 

Thermophilic Digestion ,—Digestion at the higher ranges of tempera¬ 
ture is still under investigation. Present indications are that at tem¬ 
peratures between 125 and 145®F. digestion proceeds rapidly, owing 
to the development of heat-loving, or thermophilic, organisms. 

Experiments with thermophilic digestion by Rudolfs and Heukele- 
kian (7, 8) have indicated that the rate of digestion proceeds most 
rapidly at 55®C., or 131®F. At 50®C. it was found possible to secure a 
reduction of 73.3 per cent of the volatile matter in fresh solids in a 
theoretical digestion time of 2.1 days. Moreover, it w'as believed that 
the time might be reduced, as 88.5 per cent of the total gas produced 
was evolved within 24 hr. after charging. Similar results were secured 
in the digestion of activated sludge. It was noted that, presumably 
owing to the high temperature, a considerable portion of the sludge 
intit)duced had a tendency to rise to the surface. The practical signifi¬ 
cance of sludge digestion under thermophilic conditions has not as yet 
been established, although it has been stated that application for U. S. 
patent on this process has been filed by Heukelekian and that his 
interest in the prospective patent has been acquired by the Pacific 
Flush-Tank Co. 

After studying the data of various authors as to the effect of tempera¬ 
ture on the time necessary for digestion. Fair and Moore (9) find that 
thermophiUc digestion seems to come into play in the vicinity of 125®F. 
and that the most favorable temperaturii^ for thermophilic digestion is 
near 131®F. Their figures indicate that the optimum temperature for 
nonthermophilic digestion appears to be between 86 and 99®F. The 
range between 99 and 125®F. seems to represent a region in which both 
thermophilic and nonthermojphitic organisms work at a disadvantage. 

Reaction .—^As previously pointed out, the three stages of digestion 
are associated with marked differences in the reaction of the sludge, the 
activities of the microorganisms resulting during the first stage in acid 
conditions which are overcome but slowly during the second and third 
stages. During the period of intensive acid production, organic acids 
are formed faster than they are broken down; in the succeeding periods 
the reverse is true," as indicated in Fig. 90. 



SLUDGE DIGESTION 


363 


In sludge-digestion units the changes in reaction and in the accom¬ 
panying rates of digestion are most pronounced under the following 
conditions: during the ripening period; when excessive quantities of 
fresh sludge are added to digesting solids; when la'-ge volumes of solids 
that have accumulated during periods of cold weather begin to ‘^work/^ 
as the sludge is warmed by increasing temperatures; when the sludge 
contains acid or acid-forming industrial wastes; and when fresh sludge 
is allowed to accumulate or remain unseeded before passing into the 
digestion tank. Ordinarily in a well-designed and well-operated diges¬ 
tion tank it is possible, in the absence of interfering industrial wastes, 
to maintain a balance between fresh and digested solids such that the 
reaction will remain favorable. This is due to the alkaline condition of 
the digested material and its buffer action, discussed in Chap. III. 
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Fig. O.S. —Effoofc of reaction control on sIikI^o digestion.^ 


Artificial adjustment of the reaction can also be resorted to. Fair (10) 
has shown that the salts of alkaline-earth metals, but not of alkaline 
metals, can be used for the purpose of raising the pH of digesting sludge. 
Lime is most commonly employed. The effect of increasing the pH of ' 
sludge from Brockton, Mass., a sludge digestible with difficulty owing 
to the presence of industrial wastes, is illustrated in Fig. 93. The opti¬ 
mum pH is apparently in the vicinity of 7.2 or 7.3, but any value above 
6.8 seems to produce good results. 

Lime, added to digesting sludge in suitable quantities, affects diges¬ 
tion, not only by neutralizing acid materials, but also by stimulating 
the growth of organisms responsible for the digestion of nitrogenous 
substances and by causing the flocculation and precipitation of acid 
colloidal materials, particularly in the scum. At the same time liming 
permits gas bubbles held in the scum to escape, owing in part probably 
to changes in surface tension that take place. 

1 Curve marked Initial High pH ’* represents sludge adjusted to an initial pH of 8.0 and 
then allowed to take its own course. During its period of greatest methane production this 
riudge registered a pH of 6.8 to 7.0. 
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The quantity of lime required to i;,aise tlie pH of fresh solids or partly 
decomposed matter to 7.3 has been determined by Rudolfs (2) to be as 
shown in Fig. 94. 

Both activated sludge and fine screenings will digest in much tlie 
same way as fresh sewage solids. Naturally there are quantitative 
and qualitative differences, as appears in the chapters devoted to these 
methods of sewage treatment. 

Certain industrial wastes affect digestion adversely. Acids and 
alkalies may interfere. Mineral oils seem to have but little effect. 



Fi«. 94.—Quantity of lime required to raise the pH of fresh or partly decomposed 
sludge to 7.3. (Per cent volatile matter is expres-sed on a wet basis. > 


Rudolfs (1) found that grease decomposes but slowly and may retard 
digestion, but that small quantities of iron wastes appear to accelerate 
the digestion processes, while increasing sedimentation and reducing 
odors, especially hydrogen sulfide odors. 

On the other hand, Keefer and Kratz (11) report, as a result of small- 
scale experiments, that scum Adm primary-sedimentation tanks, con¬ 
taining 84 per cent ether-solubfe matter on a dry basis, digests at least 
as rapidly as primary sludge, if not more so. 

Two-stage Digestion.—In some plants, particularly in Germany, 
sludge digestion is carried on in two stages, by using two sets of separate 
digestion tanks in series. 

Observations by Buswell, Symons and Pearson (12) on two-stage 
sludge digestion lea\i them to believe that 
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there is at first a relatively rapid fermentation whieh results in the decompo¬ 
sition of the simpler compounds and the production of a large quantity of 
gas, including most of the hydrogen sulfide. This fermentation is appar¬ 
ently complete in a very few days. This observation is in accord with that 
of Hatfield (13)mnd others, who have observed that 50 per ceiit of the gas 
is evolved in the first 24 hr. After this fermentation period, it is necessary 
to allow the sludge to undergo some sort of a ripening process. The exact 
nature of this is not understood, but the net result is that the sludge loses its 
water-binding properties and can then he drained on sand beds. 

The complete digestion process could best be carried out in a separate 
sludge digestion plant consisting of a relatively small primary tank designed 
to allow 6 or 8 days detention and equipped with the necessary circulating 
devices to prevent scum and foam formation, followed by a secondary tank 
or even a lagoon of sufficient si^^e to allow for the necessary ripening of the 
sludge to a state where it will drain on saml btids. This would result in the 
following economies: (1) cost of cover would b(‘ reduced to approximately 
one tenth; (2) since no scuii; is of>.serv'ed in the secondary stage of digestion, 
no special measures would have to be taken to prevent scum formation; 

(3) it is possible that only the primary tank would need to be heated, and 

(4) the secondary tank might be replaced by lagoons. 

At the joint disposal plant of the Los Angeles County Sanitation 
Districts, constructed in 1931, sludge from plain-sedimentation tanks is 
digested in four stages, a separate pair of tanks being provided for each 
stage of digestion (14). 

A test of two-stage digestion at 90®F. at Peoria, III., is reported upon 
by Kraus (15) as follows: 

Due to the difficulty of maintaining a suitable supernatant liquor using 
single stage digestion, two stage digestion was undertaken with the idea of 
employing short periods in each tank; the first tank being given over to 
digestion only, and the second acting to complete the digestion and to 
allow the separation of supernatant liquor and sludge. 

The sludge treated during the period of the above operatioh was a mixture 
of activated sludge, fresh solids and digested ^M)eer slop’^ solids. The data 
on this operation have been corrected where possible for the digested “beer- 
slop” solids present. [“Beer slop” is the waste fermented mash from the 
(Commercial Solvents plant.] 

Primary tank sludge was pumped into the first stage of digestion and 
simultaneously sludge was removed from the bottom of the tank at the same 
rate and for the same period of time to the second stage. Practically no 
supernatant liquor was wasted from the first tank. Both sludge and 
supernatant liquor were wasted from the second tank. 

The amount of gasification in the first stage was sufficient to make the 
sludge homogeneous throughout. This great agitation afforded excellent 
seeding for the raw sludge added to the tank and at no time was it necessary 
to circulate the sludge from bottom to top. 

The gas production in the first stage of digestion, using a 10.7-day period, 
was 84.4 per cent of the total gas obtained from both stages. The degree of 
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digestion, as measured by the reduction in volatile solids, was 82.8 per cent 
of the total digestion. 

The two tanks used for the experiment at Peoria are 85 ft. in diameter 
and have a side-wall depth of 29 ft.. The capacity of each tank is about 
167,500 cu. ft. The charging rate was 27,900 lb. daily, on the basis of 
dry solids, of which 20,000 lb. were volatile solids. The daily gas 
production was 94,400 cu. ft. from the first stage and 17,500 cu. ft. from 
the second. The solids in the sludge averaged 3.02 per cent as added to 
the first stage, 2.47 per cent as added to the second stage and 3.34 per 
cent as drawn. The volatile solids in the sludge were reduced from 
72.20 per cent as added to the first stage to 63.56 per cent at the end 
of the first stage and 61.52 per cent as drawn from the second stage. 

As a result of the experiment Kraus drew the following conclusions: 

• 

That digestion at 90®F. with a lO-day period will result in a 40 per cent 
reduction of volatile solids. 

That digestion tanks should bo operated at such a charging rate as will 
result in sufficient agitation by gasification to make tlui entin? tjink (contents 
homogeneous. This results in excellent seeding for the luulige.sted solids 
and enables tanks to be operated at high rates. 

That separation of supernatant liquor and sludge cai\ best be obtained in 
secondary digestion tanks. 

That, since the amount of gas produced in secondary tnnks is small, these 
tanks may be uncovered. 

GAS PRODUCTION AND UTILIZATION 

Until recently few attempts were made to utilize the gases given off 
during digestion of sewage solids, although their value has long been 
recognized. When the advantage of heating sludge-digestion tanks 
to reduce the digestion period was demonstrated, the possible economy 
of collecting and utilizing the gases of decomposition for heating the 
sludge was quickly appreciated. The facility with which such gases 
could be collected in roofed, separate .iludge-digestion tanks was a 
contributing factor in the spread of their utilization. At some plants, 
the gases are advantageously used its fuel in gas engines for pumping 
sewage or sludge or compressing air. The collection and burning of 
such gas may be worth while to prevent the escape of offensive odors, 
even though the energy of feas is largely wasted. 

Quantity of Gas.—The volume of gas produced depends largely upon 
the quantity and character of sewage solids digested. Between 550 
and 700 liters of gas are commonly produced during complete digestion 
by a kilogram of volatile, or organic, fresh sewage solids settling from 
domestic sewage, equivalent to 8.0 to 11.2 cu. ft. per pound. Between 
70 and 80 per cept of this gas is combustible, being largely methane. 
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Table 65.— Data on Gas Production 
IirihoflF Tank at Calumet Treatment Works; Avcraji;e Results for 1 Year, 


1926-1927 

Volatile solids removed, p.p.m. 

Volatile solids removed, lb. per day. 430 

Gas produced, cu. ft. per day. 1924 

Gas produced, cu. ft. per Ih. volatile maltcT added. 4.5 

Gas produced, cu. ft. per capita per day . 0.44 

Weight of 1 cu. ft. of gas, lb.. 0.054 

Gas produced by weight from volatile matter added, 

per cent. 24.3 


Table 66.—Quantity of Gas Produced by Digestion of Sludge 


Gas produced 


Location of jdant 

! 

j Year 

1 . 

Cu. ft. per 
lb. volatile 
matter 
added 

Cu. ft. per 
capita 
daily 

Primary sludgcj: 

1 



Antigo, Wis. 



0.66 

Aurora, Ill. 

1 1933 

13.6 

0.56 

Chicago, 111., Calumet plant*. 

j 1930 

j 4.8 

0.44 

Chico, Cal. 

j 1929 


2.1 

Dayton, Ohio*. 


4.6 

0.33 

Kond dll Lae, Wis . 

j 


0.71 

Grand Rapids, Mich. 

1 1933 

7.46 

0.88 

Sturgis, Mich. 


1 

0.41 

Primary sludge and humus .sludge: 




DeKalb, 111.. 

1930 

1 11.3 

MO 

Forth Worth, Tex. 


5.8 

0.57 

High Point, N. C. 

1929 

3.5 

0.21 

Plainfield, N. J. 

1930 

6.0 

0.32 

Waukesha, Wis. 

1930 


1.08 

Primary sludge and activated sludge: 




Charlotte, N. C. 

1929-1930 


0.50 

Elyria, Ohio. 

1931 

7.2 

0.50 

Peoria, III. 

1932 

8.3 

1.17 

Salem, Ohio .... ... 


8.22 

1.38 

Springfield, 111. 

1933 

8.52 

0.60 

Toronto, Ont., No. Toronto plant... 

1931 

8.2 

0.88 


1 Imhoflf tanks; all others are separate sludge-digestion tanks. 
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The remainder is chiefly carbon dioxide and nitrogen. tJnder ordinary 
conditions of operation, digestion is not carried to completion and only 
about 75 per cent of the total gas evolution takes place. On this basis 
an average figure for per capita gas production from primary sludge 
may be about 0.4 cu. ft. daily.^ In the case of sludge from complete 
treatment processes, such as activated sludge, or in the presence of large 
quantities of organic industrial wastes, the average value may be 
exceeded twofold or more. 

A test of gas production at Chicago is summarized in Table 65 (16). 

The average flow of sewage through the Calumet tank was 1.4 m.g.d. 
and the contributing population was 4400. The storage capacity for 
sludge was 2.3 cu. ft. per capita. The Calumet sewage contains 116 
p.p.m. of suspended matter, of which 55 per cent is volatile. The tank 
was operated without heat or pH control. The gas produced during 
the maximum month, September, and maximum day was, respectively. 


Table 67.— Analyses of Sludge Gas 


Per cent l)y volunu^ 


Net heat- 


Municipality 

CO 


CH 4 

CO, 

Tnihoff tanks: 

Chicago, 111., Calumet plant.. . 
Dayton, Ohio. 


0.0 

76.6 

76.6 

14.7 

14.0 

Decatur, Ill. 


69.0 

16.8 

Stuttgart, Germ any. 


4.7 

75.5 

14.0 

Separate sludge-digestion tanks: 
Antigo, Wis. 


2.6 

62.0 

31.4 

Aurora, Ill. 

2.1 

0.0 

51.8 

32.3 

Baltimore, Md. 

70.5 

26.5 

Birmingham, England. 



77.0 

18.1 

Elyria, Ohio. 



69.4 

30.0 

Grand Rapdis, Mich. 

Halle, Germany. 


2.4 

63.5 

72.9 

30.5 

24.0 

Milwaukee, Wis. 

Peoria, III. 

0.6 


67.5 

67.5 

30.0 

27.8 

Plainfield, N. J. . . . 


0.0 

65.8 

64.5 

30.6 

Springfield, Ill. 


1.7 

31.0 

Toronto, Ont., North Toronto 
plant. 


! 

3.7 

58.5 

28.0 





-; 

— 

ing value, 

0 , 

N 2 

1 B.t.u. per 
cu. ft. 

0.5 

8.2 

696 

0.4 

9.0 

695 

0 1 

14.1 

628 


4.7 

700 

0.6 

3.4 

564 

0.4 

13.4 

g 471 

0.2 

2.8 

641 

0.4 

3.2 

700 

0.5 


630 

0.14 

3.4 

580 

0.6 

1.6 

663 

0.2 

1.7 

614 


4.7 

615 

0.0 

3.6 

599 


3.2 

591 

1.8 

8.0 

541 


^ On the basis of a daily sewage flow of 100 gal. per capita and removal of 70 p.p.m. of 
organic settling solids, the daily per capita gas production, 75 per cent complete, equals 
0. 75 X 600 X 70 X 100 X 3.78 
1,000,000 


12 liters « 0.42 cu. ft. 
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2.52 and 3.3 times the average daily production. During the minimum 
month, March, and minimum day gas production fell, respectively, to 
0.37 and 0.08 times the average daily quantity. 

The volume of gas produced at a number of American «cwage treat¬ 
ment plants is given in Table 66 . 

Character of Gas.—The chemical composition of gas reported for 
Imhoff and separate sludge-digestion tanks is presented in Table 67. 

The gas at any plant is constantly changing in character, but the 
analyses given in Table 67 may be considered typical. The net heating 
value has been calculated from the data given, on the basis of 908.5 net 
B.t.u. per cubic foot for CH 4 and 271.8 net B.t.u. per cubic foot for H 2 . 

As a rule, the gases contain 60 to 80 per cent methane, 15 to 30 per cent 
carbon dioxide, and 5 to 15 per cent nitrogen and miscellaneous gases. 
The net heating value is usually 500 to 700 B.t.u. per cubic foot. The 
value of the gas at 700 B.t.u. j)er cubic foot is about as follows: 

One cubic foot has sufficient boat value to evaporate 0.72 lb. of water from 
anri at 212°F., without aJ.owance for any losses, and 40,000 cu. ft. of gas are 
equivalent to 1 ton of coal at 14,000 B.t.u. per pound. At 80 per cent 
tjfficiency, 60 cu. ft. of gas are equivalent to 1 boiler-hp In a commercial 
gas engine, a flow of 14 to 15 cu. ft. of gas hourly may develop 1 brake hp. 

Utilization of Gas.—Among the possible uses for the gas produced 
by digesting sludge are: the heating of separate sludge-digestion tanks to 
maintain a temperature favorable to rapid digestion; the heating of 
buildings about the plant and possibly sludge-bed glass-overs; the 
incineration of skimmings and screenings; utilization as fuel in internal- 
combustion engines; and sale to gas works. 

Heating Purposes .—The value of heating separate sludge-digestion 
tanks to increase their effective capacity has been mentioned on page 362, 
together with the fact that the gases produced by sludge-digestion are 
sometimes utilized for heating the tanks. For this purpose the gases 
are commonly burned under hot-water or steam boilers. The hot 
water is either discharged directly into the digestion tanks, as at Essen- 
liellinghausen, Germany, or circulated in pipe coils within the tanks, 
as at Peoria, fll. Steam is either discharged directly into the digestion 
tanks or used in heating coils within them. 

Because of the large percentage of carbon dioxide present in the gas, 
burners of the type used with manufactured gas are not suitable. The 
orifices are too small, causing the flame to blow away from the burners 
which are adjusted for much faster burning mixtures. Burners of the 
type used for natural gas are suitable for the gas from sludge digestion. 

As shown by Walraven (17) at Springfield, Ill., the gas may be 
utilized economically for fuel in gas engines and about 55 per cent of 
the total heat units may be recovered from the water jacket and exhaust 
gases for heating ])urposes. 
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The gas is admirably suited for use in conjunction with the incineration 
of skimmings and screenings. The screenings incineration plant at 
Long Beach, Cal., utilizes natural gas, which is similar to the gas 
produced by sludge digestion. Gas collected from Imholf tanks at 
Dayton, Ohio, is used for incinerating the screenings. The volumes 
of gas required for the incineration of screenings at Long Beach and at 
Dayton are given in Chap. X. 

The gas may be utilized for fuel in internal-cotnbustion engines. The 
average gas engine develops 1 brake hp. on 10,500 B.t.u. per hour. At 
700 B.t.u. per cubic foot the average requirements would be 15 cu. ft. 
per hour per brake hp. A 55-hp. gas engine operating on sludge gas is 
provided at the Sugar Creek plant, Charlotte, N. C., for driving a 
3500-g.p.m. sewage pump under a 12-ft. head. A 225-hp. gas engine, 
which may be adapted to the burning of sludge gas, is provided at this 
plant for driving a 3500-c.f.m. centrifugal air compressor. It is reported 
that *'the gas engines operate exceptionally well on the gas, and this 
source of power materially reduces the power costs for plant opera¬ 
tion'* (18). 

At Springfield, Ill., sludge gas from digestion tanks is collected and 
utilized for fuel in a gas engine, rated at 177 i.hp. at 514 r.p.m., direct- 
connected to a positive-pressure blower of the Connersville type, 
designed to deliver 3300 cu. ft. of air a minute against a discharge 
pressure of 8.5 lb. per square inch. Water for cooling the engine is 
circulated by centrifugal pumps through the engine water jacket, 
through a heat exchanger, where it is heated by the exhaust gases from 
the engine, and thence through coils within the digestion tanks, where 
the excess heat is absorbed before the water returns to the engine. 

Walraven (17) has reported as a result of tests that the engine develops 
1 brake hp. on 10,085 B.t.u. per hour. The heat recovered and put 
into the digestion-tank heating system is 133,000 B.t.u. daily per brake 
horsepower, in addition to the useful work. The total heat recovery is 
80 per cent, divided as follows: 


As useful work. 26.2 per cent 

From water jacket. 36.8 per cent 

From exhaust heat exchanger. 18.0 per cent 


The gas is not purified and ..no evidence of damaging corrosion has 
been found after operation ftmore than a year. Walraven estimates 
that 67 per cent of all the power required at an activated-sludge plant 
can be generated from the gas, provided that complete treatment and 
adequate sludge-digestion and gas-recovery units are installed. 

During 1933, the gas engine at Springfield was operated at full or part 
capacity on 366 days, producing about 66 per cent of the power required 
for air compression. During January, 1934, 94.3 per cent of the power 
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reciuired for air compression was supplied by the^ gas engine. These 
results were obtained with an average air consumption of 1.02 cu. ft. 
per gallon of sewage, a tributary population of 70,000, an average 
sewage flow of 0.7 m.g.d. and an average gas production of 0.6 cu. ft, 
per capita daily (19). 

At Newark, N. Y., a 15-hp. gas engine is direct-connected to a positive- 
displacement blower, having a capacity of 300 cu. ft. of free air a minute 
at 350 r.p.m. against a pressure of 5 lb. per square inch. The engine was 
guaranteed to have a fini* consumption not greater than 11,000 B.t.u. 
per brake hp. at full load, 12,000 B.t.u. at three quarters load and 
14,000 B.t.u. at half load. Holmes (20) reports upon the operation of 
this gas engine as follows: 

The priucipul trouble with the gas engine has been due to pitting of the 
exhaust valves causing loss of conipression. The gas has been unusually 
high in II2S wliich burns sh w?» and is not fully consumed within the cylinder 
causing trouble in the fxliausi- piping and the heat exchanger. These 
.troubles have been at lei st partially corrected by substituting new exhaust 
valves of high(;r heat resisbince, increasing the temperature of the circu¬ 
lating water in the cylinder jacket from 120 to 150°F., and changing the 
(ixhaust hook-up to the exchanger. 

There are two gas engines at the sewage-treatment plant in RockviUe 
Center, N. Y. One engine is direct-connected to a positive-pressure 
blower with a capacity of 400 to 800 cu. ft. a minute, depending upon 
s[)eed. A second engine, operating at 1200 r.p.m., is direct-connected 
U) a 25-kva. generator. Water jackets on the engines and exhaust 
pipes are connected to the system for heating the sludge-digestion tanks. 
Gavett (21) states tliat the gas engines have operated very satisfactorily, 
requiring about 20 to 30 cu. ft. of gas per horsepower-hour. 

Hazeltine (22) has stated that not more than 0.1 per cent of hydrogen 
sulfide should be present in gas used for power and that variations in 
methane content make advisable frequent and careful adjustment of the 
gas-air mixture, to insure the most efficient engine operation. 

Use for City Gas ,—Fulweiler (23) has made a study of the possibilities 
of using the gas produced by sludge digestion for city gas. He con¬ 
cludes that the quantity of gas produced will rarely exceed 1 per cent 
of that required within the municipality, that it cannot be expected to 
make any important coutribution to the gas supply and that it will not 
I)ermit of any saving of investment or operating labor in the gas plant. 

As far as is known to the authors, no American plant has as yet sold 
gas produced by digestion of sewage sludge for use as city gas. 

Collection and Burning of Gas to Prevent Offensive Odors. —The 
collection and burning of gases*from the decomposition of sludge may 
be of value in ])reventing the escape of offensive odors, even though the 
gases cannot be economically utilized. The burning of gases at Austin, 



372 AMERICAN i^EWERAOE PRACTICE 

Tex., where operation of Imhoff tanks resulted in litigation against the 
city on account of offensive odors, has been described by Leonard (24). 

Gas is burned in waste-gas incinerators at North Toronto, Ont., and 
at Dayton, Ohio, when not required for heating purposes, so as to 
preclude the possibility of the escape of offensive odors. 

Gas Holders.—In a few plants gas holders have been installed in 
conjunction with the collection and utilization of gas. They are said to 
afford the advantages of stabilizing the flow of gas to the burners and 
maintaining gas pressure more nearly constant. They have the further 
advantage of supplying gas during the time when sludge is being with¬ 
drawn from digestion compartments of fixed-roof tanks or while repairs 
are being made to gas domes. It is noteworthy that, where gas is 
utilized in gas engines, holders generally have been provided, as at 
Charlotte, N. C., Newark and Rockville Center, N. Y., and Spring- 
field, Ill. 

The gas holder at Springfield has a capacity of about 20,000 cu. ft. 
The gas holder at the Sugar Creek plant in Charlotte has a capacity 
of 30,000 cu. ft. and operates with 6-in. water pressure. The capacity 
of the gas holder at Newark, N. Y., is 5000 cu. ft., as compared with an 
average daily gas production of about 8000 cu. ft. The gas is stored 
under 6-in. water pressure. The well is placed below the ground surface 
and the lift, or dome, is completely enclosed. Installation of gas holders 
within digestion tanks, as at Lancaster, Pa., or whhin storage tanks, as* 
at Springfield, Ill., is a recent development. 

At Dayton, Ohio, the gas collected from Imhoff tanks is compressed 
to a maximum of 50 lb. per sq. in. and stored in two pressure tanks, 
from which it is drawn through pressure reducers. The volume of gas 
which can be stored in the tanks is equivalent to 15,600 cu. ft. at 
atmospheric pressure. 

In 1931 a patent was granted to Laird, covering a gas holder floating 
on the pipe line which conducts gas out of a gas-producing tank. 

Measurement of Gasw—Measuring gas produced by the digestion of 
sludge is important as a guide in the operation of the sludge-digestion 
process and in the operation of gas-ntilization or disposal equipment. 
Various methods of measuring the flow of gas are in use. In small 
plants the bellows type of meter similar to the standard house gas meter 
is commonly used. In larger plants orifice plates and venturi tubes, 
in conjunction with registering and recording meters, and rotary dis¬ 
placement meters of the Connersville type are in use. 

Gas Hazards.—Sludge gas normally contains a mixture of gases, some 
of which form explosive mixtures with air and others are poisonous. 
It is important that collection, utilization and disposal of sludge gas 
be effected with due regard to the hazards involved. 
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Carbon dioxide, which is usually present in sludge gas in proportions 
of 15 to 30 per cent, will not support human life. A concentration of 
30 per cent may be fatal in 30 min. or less (25) . The maximum safe per¬ 
centage of the gas in air is considered to be 2 to 3 per cent. Carbon 
monoxide, sometimes reported in sludge-gas analyses in proportions 
of 1 to 2 per cent, is very poisonous. It is considered fatal in 30 min. or 
less in proportions of 0.5 to 1.0 per cent in the gas-air mixture and 
the maximum safe concentration for long exposure is 0.01 per cent. 
Methane, which is present in sludge gas in proportions of 00 to 80 per 
cent, is not a poisonous gas but may dilute the oxygen of the air to 
such an extent as to cause asphyxia. A gas-air mixture in which the 
oxygen falls below 10 per cent may cause unconsciousness. 

Sludge gas, principally because of its methane content, forms explosive 
mixtures with air. The limits for explosive mixtures of methane and 
air are from 6.8 to 15.4 party of air to 1 part of methane. 

Hazeltine (22) gives ohe explosive limits of sludge-digestion gas as 
6.0 to 15.1 cu. ft. of air per cubic foot of gas containing 80 per cent 
methane, 15 per cent carbon dioxide and 5 per cent nitrogen. For 
sludge gas containing 60 per cent methane, 30 per cent carbon diox¬ 
ide and 10 per cent nitrogen, he reports the explosive limits as 5.1 to 
11.1 cu. ft. of air per cubic foot of sludge gas. 

The explosion of a mixture of sludge gas and air may do considerable 
damage. This was demonstrated by a violent explosion which wrecked 
three sludge-digestion tanks at Woonsocket, R. I., in 1931, with the loss 
of two lives. In this case a man entered a tank, which had been 
ventilated only by open manholes and within which a considerable 
quantity of sludge still remained, and is believed to have caused the 
explosion by striking a match. 

Protection against Gas Hazards.—In conjunction with the sludge- 
digestion process it is wise to provide protective measures against the 
hazards of asphyxia, poisoning and explosion, which may be caused by 
gases. These hazards commonly are minimized by providing a tight 
gas-collection system between the digestion compartments and the 
burners, with means for preventing flashback from the burners. Man¬ 
holes, pits and tanks where there is opportunity for gas to collect or 
where sludge has collected are sometimes ventilated, as with a portable 
blower during the time required for men to work in them, on inspection, 
renewals or repairs. Notices may be posted about the plant warning 
of explosion hazards and plant employees should be instructed in safety 
measures to be maintained while working in and about the structures 
where gas may be present. 

Unless provision is made to the contrary, there is danger of flashback 
from gas burners to digestion tanks. This is usually prevented by 
inserting a water seal on the gas line to the burners, as illustrated in 
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Fig. 106, which shows diagrammatically the gas piping and water¬ 
heating apparatus at the Antigo sewage-treatment plant (7). An 
explosion vent located in the open is usually provided, connected to the 
pipe line between the water seal and the burners. A paper gasket on a 
standard flange is sometimes used. Provision is also commonly made 
for the discharge of excess gas through pressure-relief valves. Pressure- 
reducing valves generally are employed to insure suitable pressures at 
the burners. Facilities for measuring the quantity of gas produced are 
often included in the equipment. A drip pot, placed on the gas line 
for the collection of moisture, may be advantageous. 

At the North Toronto plant, fire checks or flame arresters of the Kemp 
type are installed on the gas main between the digestion tanks and the 
boilers. Each fire check consists of a combination of perforated 
refractory disks and tightly rolled copper gauze, assembled in a con¬ 
tainer. The purpose of such a check is to prevent the propagation of 
flame past the fire check, irrespective of the proportions of air and gas 
in the mixture which may reach it, and regardless of the velocity of flow 
of gas in the pipe. Provision is made for cleaning each check by blowing 
steam through it to the atmosphere. 
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CHAPTER XV 


SEPTIC TANKS 

A septic'tank is a sedimentation tank intended to retain the sludge in 
immediate contact with the sewage flowing through* the tank for a 
sufficient period of time to secure a satisfactory decomposition of organic 
solids by anaerobic bacterial action (1). 

Except for small, usually private installations, in which single-story 
septic tanks find wide application, as discussed in Chap. XXXI, this 
type of tank has been displaced largely by Imhofl* tanks or by plain- 
sedimentation tanks combined with separate sludge-digestion units. 
There are still in use, however, many single-story septic tanks and 
occasionally such tanks are installed for the smaller municipalities. 

Some of the factors unfavorable to the use of septic tanks are: the 
escape of solids in the effluent, which may at times increase the sus¬ 
pended solids content of the effluent above that of the influent and may 
cause clogging of contact beds or filters which receive the effluent; the 
septic character of the effluent, which often increases its oxygen avidity, 
is likely to render it offensive, and sometimes unfits it for further 
biological treatment; the nature of the sludge removed, which may 
contain a large proportion of insufficiently digested solids, unless tanks 
are operated in rotation and each tank, after the sludge-storage capacity 
has been reached, is allowed to remain idle for a relatively long period 
of time before the tank is cleaned; tlie difficulty of cleaning the tanks, 
especially in breaking up the scum layer, which is sometimes tough and 
several feet thick; the greater prevalence of objectionable odors; the 
better economy of other treatment methods, especially as regards the 
required tank capacity. 

Characteristics of the Septic Pro<^ess.—The septic process, aside 
from the physical sedimentation of the suspended solids, depends upon 
anaerobic bacterial action. Formerly it was considered essential to the 
most vigorous development, of this action that it be carried out in the 
absence of atmospheric oxygen and in the dark. Experience has shown 
that this is not so. The bacterial action is similar to, and a continuation 
of, that going on in the sewers. The solids which accumulate at the 
bottom of the tank as sludge are disintegrated, coarse matter being 
transformed into finely divided particles. This action converts some 
of the organic solids into gases, as carbon dioxide, methane, nitrogen 
(iud hydrogen, qr into soluble substances which pass out of the tank 
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dissolved in the effluent. By gasification some of the sludge is lifted to 
the surface and a floating scum layer is formed, in which other floating 
solids are enmeshed. Sludge particles which are freed from gases at the 
surface lose their buoyancy and settle back to the bottom. An upward 
and downward movement of sludge is thus maintained. In an effort 
to prevent the escape of sludge particles in the effluent, much longer 
detention periods are provided than in plain-sedimentation tanks and 
carefully designed baffles are installed in some cases. 

The scum which forms at the surface of the sewage consists chiefly 
of the coarse suspended matter which tends to float. Its quantity 
depends mainly on the character of this suspended matter. If the 
sewage is fresh and the susp(nded matter is not much disintegrated, 
large quantities of scum are probable. The suspended matter brought 
to the surface of the sewage -lometimes forms such a compact mass that 
the entrained gases can hberated but slowly. Meanwhile the forma¬ 
tion of more gas in the remaining sludge carries more suspended matter 
tef the surface, increasing the thickness of the scum perhaps to 2 ft. or 
more in extreme cases, and it often projects 2 to 6 in. or more above tlu^ 
surface of the sewage. Under such conditions, esiK?cially in open tanks, 
the surface of the scum is likely to become dry and leathery, thus forming 
a fairly tight roof, sometimes cracked by the gas pressure below it. 
Molds and fungi often develop in this mass, binding it together, and 
eventually weeds may cover its surface. Much trouble has been experi¬ 
enced under some conditions, particularly in the South, from the breeding 
of flies in this mat, necessitating screening and treatment with oil or 
other insecticides. Digestion of solids is greatly retarded in the scum. 

Elements of Tank Design. —Septic tanks serve a twofold purpose, 
by providing for the deposition of the settling solids by sedimentation 
and for the partial or complete digestion of the sludge prior to its 
disposal. Horizontal-flow, flat-bottom or hopper-bottom tanks are 
employed almost exclusively. Relatively large sludge-storage capacity 
is provided, in order that the deposited sludge may remain in the tank 
for a sufficient length of time to undergo decomposition or digestion 
before being withdrawn. Such tanks are usually provided with concrete 
roofs. 

In so far as a septic tank acts as a sedimentation tank, the principles 
of design outlined in Chap. XII apply to it. They are modified, 
however, by the special conditions introduced by the digestion of the 
sludge and the resulting characteristics of the sewage in the tank. The 
leading factors to be considered in design are: 

1 . Character of sewage reaching the tanks 

2 . Effect of septicized sewage on subsequent treatment processes 

3. Number of tanks necessary to give the desired time of detention of the 
sewage over the sludge 
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4. Covering the tanks 

6 . Inlets and outlets which will not be affected by scum 

6 . Provision for sludge storage and removal. 

Influence of Character of Sewage Reaching Septic Tanks.—Inasmuch 
as a septic tank is intended to improve both chemical and physical 
qualities of sewage, it is manifestly important to consider the ix)ssibility 
of the sewage reaching the works in different conditions at different 
times. In some cities industrial wastes are discharged into the sewers 
at certain hours and reach the treatment plant without much dilution. 
If there is ample tank capacity to receive and dilute these wastes, they 
will he not only unlikely to cause fluctuations in the results accomplished 
by the septic tanks, but also of little significance during the stages of 
treatment carried on in contact beds or filters. The equalizing effect 
of ample storage facilities on the variable character of sewage reaching 
the works may be an important feature for the designer to consider. 
In 1898 investigations were made at the Lawrence Experiment Station 
of the Massachusetts State Board of Health, which indicated that 
sewage which has traveled for any considerable distance in sewers will 
be practically devoid of dissolved oxygen when it reaches its point of 
disposal and need not remain in the septic tank longer than is necessary 
for precipitation of suspended organic matter and accumulation of fats 
upon the surface of the sewage. The report for 1899 modified this 
statement by saying that, to obtain the best results, sufficient time for 
the installation of the desired bacterial life is necessary and this time 
varies with different kinds of sewage and at different seasons. 

Effect of Septicized Sewage on Filtration.—If sewage remains too 
long in the presence of sludge undergoing anaerobic decomposition, it 
becomes offensive and more difficult to treat by subsequent oxidation 
processes. Sewage having such properties is termed “oversepticized.’^ 
It is desirable, in cases where septic tanks are to be used for preliminary 
treatment, to provide a sufficient number of small tanks to allow the 
number of units in use to be varied in the most advantageous way. 

The danger of keeping sewage too long, in the tanks was explained by 
the Massachusetts State Board of Health as follows (2): 

It seems probable—although this is not yet proved—that the anaerobic 
action has been carried so far before the sewage reaches the filters that 
various bodies have been generut'^ in the sewage which prevent the develop¬ 
ment of the nitrifying bacteria the filters. The sewage has an odor more 
nearly resembling that of the wastes from a cesspool than that of ordinary 
fresh, stale or septic sewage. It is certain that, if the anaerobic process is 
carried too far, there may be a formation of distinctly poisonous bodies, 
which might prevent nitrification. 

Further investigations showed that, when a small volume of sewage is 
applied to a sand filter, nitrifiioation will take place, no matter what 
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degree of putrefaction this sewage has attained at the time of its applica¬ 
tion, if there is an abundance of air to come into contact with the 
sewage (3). When, however, sewage in an advanced state of putrefac¬ 
tion is applied to a contact filter and the entire open space of the filter 
is filled with this sewage, Clark and Gage consider it possible that oxida¬ 
tion may be so rapid that the supply of oxygen within the filter will be 
exhausted before the process of nitrification has had time to begin. 
The slow absorption of oxygen by fresh sewage and its rapid absorption 
by stale or septic sewage have been proved by a number of experiments. 
The application of a small volume of oversepticized sewage to an inter¬ 
mittent sand filter, where there is an opportunity for considerable 
oxidation on the surface of tlie bed and there is a large quantity of air in 
the filtering medium, presents far different conditions from those of a 
contact bed having less opportunity for nitrification. In 1901 it was 
found that by aeiating an oversepticized sewage it could be treated 
satisfactorily in a contarA 'bed, which was impossible without the 
a^ation. 

Number of Tanks and Detention Period.—The size of tanks depends 
on the necessary detention period, character of sewage, space desired 
for sludge accumulations in the tanks and local topography. - The best 
size having been decided upon, the number of tanks depends upon the 
quantity of sewage to be treated. It is customary to construct several 
tanks, sometimes of the same size and sometimes of different sizes, 
even in the case of small treatment plants. 

Septic tanks ordinarily have a capacity for 8 to 24 hours’ dry-weather 
flow, in addition to the sludge-storage space. Experience has shown 
that detention periods of 8 to 12 hr. may lead to the discharge of gas- 
lifted solids with the effluent or to the necessity of removing the sludge 
from the tank before digestion has been completed. In plants where 
septic tanks are operated in rotation, a given tank being put out of 
service as a settling tank when the effluent begins to contain solids 
sufficient to clog filters or nozzles, the detention periods are commonly 
compared to those employed in plain-sedimentation tanks. 

The number and size of septic tanks in several plants are given in 
Table 68. 

Roofs. —Generally septic tanks are provided with roofs, to curtail 
the drying out of scum and the escape of odors. If the wind is prevented 
by a roof from agitating the surface of the sewage, the odor is rarely so 
strong as to cause annoyance beyond the immediate vicinity of the tank. 
Roofs are also utilized to keep the sewage warm and out of sight of the 
public and, in small plants without attendants constantly on duty, to 
keep off children and irresponsible persons. 

Occasionally the roofs are constructed of wood, but more often 
reinforced concrete slabs carried by reinforced concrete beams are 
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employed. The roofs of the septic tanks at Saratoga Springs are 
groined arches. The sewage is somewhat warmer than the outside 
air during a part of the year and the inner surfaces of the walls and roof 
are likely to become covered with moisture. This water may absorb 
hydrogen sulfide given off by the decomposing sludge, the result being 
deterioration of the concrete.^ Surfaces which may be exposed to such 
action are commonly made as dense and smooth as practicable, to 
prevent not only external deterioration but also the penetration of acid 
moisture to the steel reinforcement. 

Where a roof is employed, vent pipes are provided in order that the 
rapid entrance or escape of a large quantity of sewage may not cause 
damage on account of the difference in air pressure above and below the 
roof. As the gases which escape from a septic tank are sometimes 
explosive, it may be desirable to post a notice to this effect near the 
entrance to a roofed tank. 

Inlets and Outlets.—Scum on the surface of the sewage in septic 
tanks makes it desirable to provide submerged inlets and outlets, or 
their equivalents. Another reason for submerged openings is that the 
action of the sewage tank, in liquefying organic matter, is apparently 
weaker at mid-depth than at the level of the sludge or just below the 
scum and it is therefore desirable to admit and draw off the sewage near 
mid-depth. Among the experiments leading to this conclusion are 
some made at Plainfield, N. J., by Lanphear (4). 

^though submerged openings are preferred by some engineers for 
the reasons stated, weirs are also employed in many septic tanks, but 
they are usually guarded by scum boards to 2 ft. in front of them, 
extending to a depth of at least 2 ft. The narrow openings between 
the boards and the weirs are easily kept free from scum and the sewage 
is compelled by the depths of the scum boards to take about the same 
course it would follow with submerged openings. 

Sludge Storage and Voltune of Sludge Produced.—In computing the 
•operating capacity of a septic tank, the space occupied by the sludge is 
usually estimated by the methods followed in the case of a plain-sedi¬ 
mentation tank, but the result is modified by the reduction in volume 
of the sludge stored, brought about by anaerobic decomposition. 

Provision is commonly made for storing 60 to 70 per cent of the sus¬ 
pended matter not removed by racks and grit chambers, plus its accom¬ 
panying water. The total storage space to be provided is fixed by the 
assumed lapse of time between tank cleanings, which depends in turn 
upon the condition of the sewage reaching the works, the temperature 
and the degree of digestion required. 


> Some American experience of this nature is reported in Ena» Aec., May 16, 1908, and 
Bng, NewBt Dec. 12, 19^. 
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There is always a probability that septic tanks built for small Ameri¬ 
can towns will not receive proper attention and usually such tanks are 
given large sludge-storage capacity in consequence. With the fresh, 
weak sewage likely to be received at such plants and with small tanks, 
there is more danger of large quantities of suspended matter in the 
effluent, due to high velocities of flow, than of producing a septic 
effluent. Consequently it is well to provide storage capacity for at 
least 9 months^ accumulation of sludge, consisting of 60 per cent of the 
total suspended matter and enough water to constitute about 90 per cent 
of the total weight, assuming that 30 per cent by weight of the volatile 
solids are digested. In plants for larger cities, where fairly competent 
supervision is likely to be givm, the space provided for sludge is some¬ 
times reduced by designing the tanks so that a small quantity of ohe 
oldest part of the sludge is drawn off at frequent intervals. This 
procedure is much favored in Kng^and and the bottom slopes, sludge 
channels and sludge gates are designed to facilitate it. With frequent 
rfimoval of the sludge, the percentage of water in it may be higher than 
when a long period of digestion is permitted. 

If suitable allowances are made for differences ip conditions, computa¬ 
tions following those outlined for Imhoff tanks in Chap. X\ I may be 
applied to single-story septic tanks. 

Removal of Sludge from Tanks.—^As in the case of plain-sedimentation 
tanks, sludge is removed from septic tanks either by gravity or by 
pumping. Sludge is commonly withdrawn from hopper-bottom tanks 
during operation. However, tanks operated on the principle of rotation 
are usually emptied for cleaning. 

In drawing sludge from hopper-bottom septic tanks it is essential 
that the rate of withdrawal be slow enough to allow the whole mass of 
sludge to settle and to prevent a conical depression from forming in the 
center. If such a depression forms, a considerable quantity of relatively 
fresh sludge may be withdrawn, lea\ing some of the older, well-rotted 
material, whereas it is desirable that all the sludge which still is under¬ 
going active decomposition remain in the tank, in order to maintain 
without interruption the changes taking place there. 

Ordinarily the slopes of the bottoms of septic tanks do not differ 
from those employed in plain-sedimentation tanks. Septic sludge 
free from grit can be moved with scrapers on slopes of 1.5 to 3 per cent 
without difficulty, but thick scum, which settles on top of the sludge 
when the tank is drained, must be broken up, either by jets of water or 
by shovels or other implements, before it can be easily handled on such 
slopes. In Great Britain a slope of about 6 per cent is considered 
desirable for the discharge of septic sludge by gravity. It is often 
impracticable to provide such slopes in large tanks, however, for laborers 
are unable to move about readily on a sludge-covered slope steeper than 



Table 68.—Comparison of Septic Tanks 
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1 in 20. In such tanks a series of sumps with steep sides is necessary 
for the complete removal of sludge by gravity and, as such construction 
is expensive, it is customary to give the bottom a slope as great as the 
conditions of construction and operation permit and to rely upon hand 
cleaning for the complete removal of sludge. 

Examples of Septic Tanks.—number of single-story, hopper-bottom 
septic tanks were built at army cantonments during the World War 
after the designs of Doten (5). The bottom of each tank had several 
hoppers and bottom bafflo walls extended between hoppers nearly to the 
surface. Top baffles were provided at inlet and outlet and upstream of 
the bottom baffle walls between hoppers. A pipe in each hopper served 
for removing the sludge eithe" by hydrostatic pressure or by pumping. 
Few of these tanks have been built since the war. 




Fig. 95.—Different arrangements of septic tanks. 

Table 68 gives the characteristics of several American septic-tank 
installations. 

The treatment plant at Mount Kisco, N. Y., consisting of a septic 
tank followed by contact beds and intermittent sand filters, was built 
to prevent pollution of the New York water supply. 

The Cos Cob treatment plant at Greenwich, Conn., designed by 
Potts, was put into operation in 1931. The septic-tank effluent is 
chlorinated before being discharged into Greenwich Harbor. A unique 
feature of this plant is the location of the glass-covered sludge-drying 
beds directly over the septic tanks. The sludge-bed underdrains dis¬ 
charge into the septic tanks and provision is made for returning ripe 
sludge to the tanks, for the purpose of seeding the freshly deposited 
solids. 

The septic tanks built at a number of plants are shown in Fig. 95. 

Efficiency of Septic Tanks.—^Apparently in many cases there is little 
difference between sedimentation and septic tanks in the removal of 
suspended solids. Johnson has reported that parallel experiments with 
the two kinds of tanks resulted in an average reduction in suspended 
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matter of about (>3 per cent in Hedimeutation tanks with (5-hr. detention 
and 66 per cent with 8-hr. detention, while in septic tanks with detention 
periods of 8, 16 and 24 hr, the removal of suspended matter averaged 
61, 66 and 67 per cent, respectively (6). These experimental figures 
agree well with the results of the operation of septic tanks subsequently 
built at Columbus. In the annual report on these operations for 1913, 
the removal of suspended matter during an average detention period 
of 4 hr. is given as 60 per cent. 

The organic matter in the sludge in septic tanks undergoes such 
changes that a reduction in its volume is inevitable, but this reduction 
is by no means so large as was claimed by early advocates of septic 
treatment. It is 10 to 40 per cent, the average being about 30 per cent. 
A considerable part of the reduction in the volume of sludge is due to an 
increase in its density, following its disintegration and compacting, 
resulting from prolonged stay in the tank. The sludge removed from a 
septic tank may be much less than 50 per cent of the volume removed 
from sedimentation tanks operated so as to prevent septic action. 
There is a great variation in the character of the sludge, owing to varia¬ 
tions in the quality of the sewage, temperature, construction of the tanks 
and methods of operation. Some sludge from septic tanks is reported 
to have little odor, but often it is decidedly offensive. 

The reduction of solids by digestion in a closed septic tank at Wor¬ 
cester, Mass., was estimated in the following manner by Kinnicutt and 
Edjdy (7). During a period of 2 years 3 months, the difference between 
the results of analyses of the influent and effluent showed that 1194 lb. 
of suspended matter had been held back in the tank. The sludge at the 
end of this period contained 729 lb. of dry solids, indicating that 465 lb. 
had been liquefied. This was a reduction of nearly 39 per cent. The 
liquefaction during the first 15 months was 28 per cent and during the 
last year nearly 48 per cent. 

The efficiency of sedimentation in the septic tanks at Plainfield, N.J., 
during 1909, 1910 and 1911 is shown in Table 69. The average deten¬ 
tion period was 6 to 9 hr. 


Table 69.— Efficiency of Septic Tanks at Plainfield, N. J. 
Percentage Reduction 


1909 

1910 

1911 

Suspended solids. 

.. 69.6 

64.0 

64.3 

Oxygen consumed.. .. 

. 31.7 

29.1 

30.8 

Hacteria. 

. 54 

39 

31 


Cost of Construction, Operation and Maintenance of Septic Tanks.— 

The cost of septic tanks per unit pf capacity is comparable with that of - 
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plain-sedimentation tanks without mechanical sludge-removal equip¬ 
ment. There is no information readily available on the cost of operation 
and maintenance of septic tanks during recent years. Elements 
entering into such costs include regulation of flow, brepking up and 
removal of scum and removal of sludge. 
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CHAPTER XVI 


IMHOFF TANKS 

The Imhoff tank is a deep tjvo-story tank, consisting of an upper or 
continuous-flow sedimentation chamber and a lower or sludge-digestion 
chamber. The floor of the upper chamber slopes steeply to a trapped 
slot, through which solids may settle into the lower chamber. The 
latter receives no fresh sewage directly but is provided with gas vents 
and with means for drawing digested sludge from near the bottom. 

Characteristics of Imhoff Tanks.—Theoretically, the sewage flows 
through the sedimentation chamber only and the sole function of this 
chamber is the removal of the settling solids. These solids drop to the 
inclined surfaces of the floor of the sedimentation chamber and slide 
through a slot into the sludge chamber. The slot is trapped so that no 
gases from the sludge chamber can rise into the sedimentation chamber. 
In the sludge chamber the solids undergo septic decomposition as in a 
septic tank. The gases given off during decomposition rise through the 
portions of the sludge chamber which are extended above the top of the 
tank, called gas vents or scum spaces, and scum collects on the surface 
of the sewage in these vents, just as it does on the surface of a septic 
tank, and often to a greater depth. On account of the depth of the 
sludge chamber and the length of time during which the sludge is 
allowed to digest, sludge from tanks of this type which are operating 
normally is denser than that from plain-sedimentation tanks or septic 
tanks. Theoretically, therefore, the tank carries on simultaneously 
and independently, by means of its two-story construction, the functions 
of both plain-sedimentation tanks and sludge-digestion tanks. 

To secure uniform distribution of settled solids throughout the length 
of the digestion compartment and thus to Aitilize the storage capacity in 
greatest measure, provision for reversing the direction of flow through 
the tanks is commonly made and transverse obstructions are avoided, as 
far as structurally practicable. 

One of the most important fidvantages of this form of tank is its 
production, when operating efficiently, of sludge which is easily disposed 
of. Sludge is removed in much the same way as from other hopper- 
bottom tanks. 

In order to prevent particles of sludge or scum from penetrating into 
the sedimentation or flowing-through compartment, the sludge and 
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scum must be kept some distance below and above the slots, respectively. 
The clear zone is called a ^'neutral zone.’^ 

A peculiar feature of operation at some plants from time to time has 
been the production of a light voluminous foam, due to a tenacious film 
enclosing the gas bubbles rising in the vents at times when large quanti¬ 
ties of gas are being produced. This is calledfoaming.At times this 
foam has accumulated in considerable masses, filling the gas vents, over- 
fiowing their walls, spreading out and covering walks and the sewage in 
the sedimentation compartment. 

Under normal operating conditions, the gases of decomposition which 
pass into the gas vents either are permitted to escape to the atmosphere 
or are captured by covering the vents and providing them with gas 



Flo. 96.—Gas-collecting c<iiiipment for Imhoff tanks. 

hoods, which commonly collect the gas uniler water, as shown in Fig. 96 
The gases, which consist chiefly of methane and carbon dioxide, may 
be utilized for heating or power purposes. Only the combustible 
gases, of course, are of value in this connection. 

The digestion of the organic matter in the deposited solids results in 
the production of a practically inoffensive residue, or digested sludge, 
which is generally black, somewhat flocculent, and well filled with gas, as 
drawn from the tank under ordinary conditions, and which drains and 
dries readily when spread on porous beds of sand or similar material. 
To secure digested sludge of this character, profusion for storage of 
solids deposited during the late fall, winter and early spring months is 
required in northern climates. 

Most of the Imhoff tanks in this country are of the horizontal-flow 
type and rectangular in plan. To facilitate sludge withdrawal, the 
bottom of the tank is constructed in the form of hoppers or troughs and 
the sludge is withdrawn through pipes, which extend within a short 
distance of the hopper or trough.bottoms. 
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Elements of Tank Design. —^The design of ImhofT tanks involves the 
design of the sedimentation compartment and of the sludge-digestion 
compartment, including provision for scum space and gas vents. 

The elements of design are governed by the theory of sedimentation as 
desoribed in Chap. XII and the theory of sludge digestion as described 
in Chap. XIV, subject to the modifications imposed by the type of 
construction and method of operation peculiar to the Imhoff design. 

Inlets and Outlets. —The design of the inlet and outlet channels 
is more important in the case, of Imhoff tanks than in other types of 
sedimentation units. An economical design provides for full utilization 
of the space in the sludge chamber of these tanks. This is accomplished 
in horizontal-flow tanks with more than one well only by using the 
inlet and outlet chambers interchangeably and thus reversing the 
direction of flow through the tanks. When this is done at least once a 
month, accumulation of the heavier parts of the suspended matter is 
enabled to proceed equally in both of the end wells. Imhoff usually 
employs only two wells in series, in order to avoid the unequal distribu¬ 
tion of sludge which attends the use of more than this number. The 
importance of the inlet and outlet channels also is increased in the case of 
Imhoff tanks by the desirability of keeping the surface of the sewage 
in the sedimentation chamber at the same elevation under all condi¬ 
tions, in order to prevent septic sewage from rising through the slot, 
which may occur with fluctuations of surface level. 

Where reversal of flow is provided for, either the channels serving 
the tanks are so constructed as to act alternately as influent and effluent 
channels or both influent and effluent channels are provided at each 
end of the tanks. In the former case, as at the Akron and Chicago 
West Side plants, inlets and outlets are designed alike. At these plants 
weirs, which act alternately as inflow distributors and effluent weirs, 
are provided at the ends of the tanks. Where influent and effluent 
conduits are provided at both ends of the tanks, as at Allentown, 
Dayton and Fitchburg, the channels are commonly superimposed, the 
upper one acting as an effluent channel and the lower as an influent 
channel. Sewage is usually passed from the influent channel to the 
sedimentation compartment through submerged, gated ports and from 
the sedimentation compartment to the effluent channel over weirs. 

The crests of the weirs arp ^^t above the maximum flow line in the 
effluent channel, in order to prevent variations in water level in the 
tank and consequent exchange of contents between settling and digestion 
chambers, which may be sufficient to produce disturbances in the 
digestion of the sludge. The depth and width of the channel usually 
are designed so as to provide a velocity of 2 ft. per second in the influent 
channel during normal flows. Inlets and outlets are generally designed 
to give the appropriate proportion of flow to each sedimentation cham- 
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ber. Where operating conditions are such as to require careful attention 
from the superintendent, the sedimentation chambers are often con¬ 
nected at each end of the tank, so as to maintain the same surface 
elevation in all of them. 



The inlet and outlet arrangements of the Imhoff tanks at Fitchburg 
are shown in Figs. 97 and 98, 

Sedimentation Compartment.—There are three types of settling 
compartments for Imhoff tanks, longitudinal horizontal flow, vertical 
flow, and radial flow, the first-named being by far the most common. 
There are few, if any, vertical-flow sedimentation compartments in 
Imhoff tanks in this country. 
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Concerning the radial-flow chamber, Frank and Fries (1) have made 
the following statement: 

A possible difficulty is that the radial direction of flow and consequent 
limitations of length of flow line may result in this flow line being too short 
to give the upper, rapidly moving currents sufficient opportunity to unload 
their sediment into the *‘slow-motion zone.’* It is obvious that the near 
surface velocities are not decreased in direct ratio to the decrease in length 
of tank, and hence these upper rapidly moving cum^nts might have a 
detention period much too short for efficient sedimentation. Howev(^r, the 

EWuenf- 



writers believe that if this radial-flow line i" at least 14 or 16 ft. tliere will be 
no danger from this source. 

A real advantage in the radial-horizontal-flow type is that here tlu^ 
velocity of flow, in order to provide the proper d(‘t(‘ntion period, must 
necessarily be very low, and thip fact will probably permit a greater amount 
of overloading than in the caiee 5f long-flow-line tanks, before critical veloc¬ 
ities are reached. ■ '* 

Radial-flow tanks have been constructed at several plants, pjxpense 
and construction difficulties have been largely responsible for their 
decreased use. 

Four radial-flow Imhofl* tanks, having a combined capacity of Ifl 
m.g.d. to serve a population of 160,000 persons, were built in Flint, 
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Mich., and placed in operation in 1927 (2). Each tank consists of 
18 hexagonal cells with a sedimentation chamber, sludge pocket and 
gas vent in each cell. In operation, sewage enters the tank at the 
center, divides and flows radially in every direction, with, a decreased 
velocity toward the outside wall, and is drawn off through 12 orifices 
placed around the outside wall. Each orifice consists of a baffled 
3- by 8-in. opening in a steel plate, placed over the outlet of a pipe tee in 
a vertical riser pipe. These are adjusted so that each orifice will draw 
the same quantity of settled sewage and a uniform flow frim the center 



Fro. 99.—Sedimentation chamber in Imhoff tank at Trenton, N J- 

of the tank will be maintained in all directions. The designed detention 
period is 4 hr. at the average rate of flow and the sludge capacity is 
based on a unit volume of 2.75 cu. ft. per capita. 

Horizontal-flow sedimentation chambers are commonly rectangular 
in plan. The cross section is usually rectangular at the top with a 
V-shaped trough bottom, as shown in Fig. 99. The design of the 
sedimentation chamber is dependent upon the various factors governing 
sedimentation in jdain settling tanks, such as character of sewage, 
detention period and velocity. The effect of the character of sewage 
has been discussed in Chap. XII. 

Experience has shown that a sedimentation period of IK to 2 hr. 
usually secures the deposition of such a large percentage of settleable 
solids that a longer period is seldom employed. There may be cases 
in which it is desirable to provide somewhat longer detention periods, 
so as to relieve succeeding oxidation processes of a greater portion of 
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their loads, and many.of the earlier installations provide lunger periods. 
The detention periods for several American plants are given in Table 72. 
Borne engineers do not include the V-shaped section of the sedimentation 
compartment in their allowances for detention period. Eolwell (3) 
states that “a channel is not effective for sedimentation to a depth 
greater than 6 to 8 ft., and only this depth should be used in calculating 
its capacity.” 

Since the flowing sewage is not in contact with the settled solids, 
the limiting velocities are not so low as would otherwise be required. 
Imhoff places the limiting velocity at 2 in. a second for Imhoff tanks 
and velocities of yi to H in. a second are common in American practice. 

If the velocity is kept within these limits, the length of tank and area 
of cross section are governed by the time required for sedimentation 
and by considerations of adequate distribution of solids in the sludge 
compartment and of flow in the channel. Tank lengths commonly 
vary from 25 to 100 ft. If the cross section is so shallow that the flow 
encroaches upon the desired slow-inotion zone above the slot, the maxi¬ 
mum possible percentage removal of settleable solids will not be secured. 
On the other hand, if the chamber is so deep as to inhibit thorough 
vertical distribution of flow, part of the volume of the tank will be 
ineffective. 

As it is essential for the settling solids to move steadily to and through 
the slots of an Imhoff tank, the inclined bottom s'abs of the sedimenta¬ 
tion chamber generally have steep slopes and hard, smooth surfaces. 
Slopes of 1.5 vertical on 1 horizontal commonly are used. Even with 
care in construction, it may be necessary to clean the slopes from time 
to time with rubber squeegees, for soft, sticky material accumulates 
on them, which may cause undesirable conditions in the chamber unless 
it is removed. For the same reason, it is desirable to have the top 
details of the tank arranged so that this cleaning can be done readily 
and thoroughly. 

The slot at the bottom of the sedimentation chamber is often 6 to 
8 in. wide, depending upon the size of the chamber and the character 
of the sewage. The horizontal overlap to prevent gases from passing 
through the slot is commonly 8 in. 

The sludge chamber of an Imhoff tank is intended to retain its contents 
in a stagnant condition, without any circulation of liquid through the 
slots opening into it from ihe sedimentation chambers above. It is 
therefore desirable to design and operate the tank so that no material 
fluctuations in sewage level will occur, for such fluctuations, particularly 
if sudden, will cause differences of hydrostatic pressure and, conse¬ 
quently, surges of septic sewage up through the slots. Furthermore, 
if currents down through the slots exist to such an extant that con¬ 
siderable fresli sewage enters the sludge chamber, there is a ])ossibility 
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of increased evolution of hydrogen sulfide, as sulfates in the fresh 
sewage are reduced to this gas. 

With two or more sedimentation chambers over a single sludge cham¬ 
ber, as in Pig, 100, inlets and outlets are generally designed to give the 
appropriate proportion of flow to each sedimentation chamber, thus 
reducing the danger of diffusion between sludge chamber and sedimenta¬ 



tion chambers. Notwithstanding all precautions, however, there is an 
inevitable interchange of liquids between the digestion and sedimentation 
chambers, frequently due in large measure to differences in temperature. 

The concrete slabs used for the sides and bottoms of sedimentation 
chambers are built either on forms, like most slabs reinforced with bars, 
or on metal lath by plastering it with cement mortar. The baffle walls 
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at the West Side plant in Chicago, illustrated in Fig. 101, were built 
of precast 12H- by 13-ft. slabs, 5 in. thick, weighing 5 tons (4). 

The slabs in the Imhoff tanks at Akron were gunited and those at 
Allentown and Dayton were cast in place. At Fitchburg certain 
3-in. slabs, which were plastered, have not proven satisfactory. 

Inasmuch as the inclined slabs may collect solids which must be 
pushed down them, they require greater strength than is needed simply 
to support their own weight and that of a small quantity of submerged 
solids, as well as sufficient stiffness to avoid cracking. 

The baffle walls at the Decatur, Ill., plant were made 2)4 in. thick, 
reinforced with 3- by 3-in. mesh, No. 4 gage galvanized wire, with small 
I-beams imbedded at the supporting shoulders where there was greater 



Fig. 101.—Precast-slab baffle walls in Imhoff tanks at West Side treatment 

plant, Chicago. 

thickness. Forms were placed 1>^ in. back of the mesh and gunite was 
shot through the mesh against the forms, building up the thickness 
to in. with the wire in the center. . The surface was scraped flat, 
flushed and smoothed, so that the m^^‘kimum density, combined with 
smoothness, was obtained on the inner, or hopper, side. Gunite baffle 
walls have also been built at Elgin and Bloomington, Ill. 

Scum Boards and Baffles^—Scum boards are commonly provided 
at both ends of the tank, tJie fene at the inlet end serving to collect the 
larger floating solids and to ^stribute the flow and the one at the outlet 
end serving to hold back the smaller floating particles. The scum 
boards are commonly made to penetrate 12 to 16 in. below the flow line 
and they usually project about 12 in. above it. If they extend to too 
great a depth, they may render ineffective part of the upper volume of 
the chamber or immoderately increase the velocity in the lower slow- 
motibn zone. 
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P>ank and Fries (1) have staked: 

Baffles are not considered advisable either in the upper or lower part of 
the sedimentation chamber. They have been tried, both from the stand¬ 
point of better flow distribution and in order to promote the production of 
the slow-motion zone. The conclusion has been that instead of this they 
dec^n'jise the emss section of flow and tend to produce subcurrents, thereby 
hindering sedimentation rather than promoting it. 

It is desirable to have the horizontal velocity gradually decrease 
toward the lower depths of the sedimentation chamber, in order that 
there may be no currents to interfere with the settling solids passing 
through the slots into the sludge chamber. 

Removal of Skiinmings.--Appreciable quantities of floating matter, 
such as oil, grease and other srum-forming material, may collect on 
the surface of sedinientation chambers in Iinhoff tanks. The removal of 
this material may be mnieriahy assisted by providing for skimming the 
ta 4 ;iks with water jets^ as has been done by Allen at Fitchburg (5). 
The water jets are placed at strategic points and directed so as to drive 
the scum to one corner of the tank, from which it may be removed and 
disposed of as described in Chap. XI. 

Sludge-digestion Compartment.—Regarding the physical conditions 
in the sludge chamber, Frank and Fries (6) state: 

A universal conception of the physical part of the process is that there is 
normally a quantity of sludge lying at the bottom generating gas within 
its “liv(i^’ particles, and that (amtinually emerging from this lower sludge 
body and rising and fidliiig^in the liquid above it are other particles of sludge 
which liavc generated suflicient gas to give them the required buoyancy, 
and wliieli arc either in tlie act of rising to give up this gas or hav.; given 
it up and aVe again settling. At irregular intervals part of the mass of the 
sludge may rise to the top in a body and remain there till it has given up 
sufficient of its gas to settle again. Hence, whether to accommodate the 
rising and falling particles or to provide room for the temporary floating 
position of a mass of sludge, it is necessary to have above the plane of the 
slot in the sludge chamber a certain amount of “transition” space. 

The sludge chamber may be regarded as composed of three parts, 
the sludge-storage space, the space above the slot to provide for storage 
of gas-lifted or other solids which collect above the plane of the slot, 
and a neutral zone above and below the plane of the slot, between the 
sludge- and scum-storage spaces. 

The variation in the conditions governing the required capacity of 
the digestion compartment is so great that the design should be based 
upon an intelligent analysis of the conditions of the particular problem 
rather than on a general assumption of a definite number of cubic feet 
per capita adopted at some other place or places. Among the items 
which need to be considered are the following: 
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1. The prevailing temperature of the sewage and duration of the period 
of low temperatures. In Imhoff tanks the temperature of the. sludge lags 
slightly behind that of the sewage but follows it fairly closely. 

2. The character and quantity of sewage solids d(‘posited and stored in 
the tank, including the effect of industrial wastes. Provision may bo 
required in the sludge chamber not only for the fresh solids settling in the 
sedimentation chamber but also for sludge from final-sedimentation tanks 
employed with oxidation processes. 

3. The changes taking place in the volume and density of the sludge 
during digestion. 

4. The quantity of seeding material to be left in the tank at the beginning 
of the period of low temperatures, during which no sludge is drawn. 

5. The space required for the storage of scum. 

6. The space required for the “neutral zone.” 

Other things to be considered in the design of the sludge chamber 
are the following: 

1. The uniform distribution of the deposited solids throughout the 
digestion compartment. For this purpose a relatively short tank, with the 
sludge chamber subdivided as little as practicable, may be advantageous. 

2. The depth of tank and its effect on sludge digestion and scum 
formation. 

3. Provision for breaking up gas-lifted solids, as by impact on the partition 
between sedimentation and digestion compartments. 

4. Provision for the control and disposal of scum For this purpose it is 
desirable for the sludge qpmpartment to have ri'latively small exposed 
surface areas, so that the sludge may be kept submerged as much as practi¬ 
cable. It may be advisable to provide means for discharging liquor from the 
neutral zone over the surface of the scum and for drawing off scum to the 
sludge-disposal area. 

5. Provision for the liberation or collection of gases resulting from the 
process of digestion. 

6. Provision for the withdrawal of the digested sludge and possibly for 
the distribution and circulation of sludge in the chamber. 

Depth of Tank ,—Deep tanks have apparently many advantages over 
shallow tanks. In a discussion of reasons for differences in behavior 
of Imhoff tanks, one of the authors (7) made the following statements: 

The influence of depth on tiink action is not however entirely clear. One 
theory is that in the deeper tkliks there is a longer path through which the 
gas-lifted solids must ascend ^ order to form an accumulation of scum at 
the top and that this prolonged travel affords opportunity for the escape of 
the gases after which the solids may return to the bottom, thus avoiding 
their accumulation as scum. ... In deeper tanks, the gas is generated 
under greater pressure and the bubbles entrained in the sludge are subject to 
considerable expansion on rising, thus possibly aiding in their escape from 
the solids; likewise there is a deeper accumulation of sludge, which tends 
toward greater density. 
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liiihoff (7) states, “There is iid doubt whatever that digestion cham¬ 
bers of great depth do more work than shallow ones of the same size/^ 

Frank and Fries (G) report as follows; 

The depth of the sludge chamber seems to have an inGuence upon the 
sludge digestion process. This influence has b(‘en but little understood, 
but it has been continually maintained that shallow tanks yield a poorer 
(luality of sludge than deep tanks. A possible explanation of this may lie 
in the theory that the more quickly the entering fresh sludge particles come 
into contact with decompose<l sludge partich^s the more quickly will they 
themselves decompose, and it is obvious that the deeper the tank the more 
intense the gas development, and hence the more intense the stirring action. 
This should be conceived on th<. principle of “inoculation,“ which assumes 
that an organic particle, to be decomposed by the quickest possiVde odorless 
route, must be inoculaled tis quickly as possible with the proper bacteria; 
these bacteria it can best c dnin from the other sludge particles already 
properly decomposing. Howc’. er, to bring about this condition, intimate 
c(*itact, particle for paHiclti, is necessary, and this does not occur easily 
when fresh sludge is alk)^^<‘d to rest “dead“ in large masses. This may be 
the reason why the violent stirring action of (h'ej) Tmhoff tanks results in 
good sludge and odorless decomposition. A depth of tank which has mo.st 
been used in the Emscher District is about 30 ft. from water surface to 
bottom of tank. A few have been made 24 and 27 ft. deep. In some cases, 
however, it may lie advisable, for economic reasons, to adopt tanks as 
cinallovv as 20 ft., dcdiberately preparing to accept a somewhat poorer grade 
of sludge. It has not l)een pn)ved that a tank of 20 ft. or even less in depth 
will not in many cases yield a sufticiently good sludge for all practical 
purposes, but it is now reasonably clear that a 30-ft. depth is suffi(uent. 

Scutn Space and Gas Vents, —It is customary to make the scum-^torage 
space about one half as large as the sludge-storage space. 

Imhoff (7) reports: “Digestion chambers having small gas vents show 
the greatest security against foaming and floating sludge.“ As impor¬ 
tant aids to proper functioning, bkinner (7) suggests that gas vents 
should be wide, but not necessarily of large area, and that scum cham¬ 
bers should be ample in width and connect freely with the gas vents. 

(las vents' or collecting chimneys form integral parts of the sludge- 
digestion compartments of tw j-story tanks. The design of such vents 
or chimneys depends upon wliether or not the gases are to be collected 
and utilized. Vents arc commonly so designed that workmen can enter 
the sludge chamber through them, when the tank has been emptied. 
The volume of the digestion compartment above the slots commonly 
becomes equivalent to to 1>2 cu. ft. per capita. When the digestion 
compartments are vented to the air,, the vents or chimneys are usually 
given an area ranging from 12 to 25 per cent of the tank area. Where 
the vents are small, the scum rapidly becomes thick and, if it is not 
broken up, it may rise over the edge of the vents. Imhoff has recorded 
an instance of scum rising 6 ft. above the level of the sewage, because 
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the gases in it could not escape. Where the gas is collected, rather 
small chimneys leading to the gas bells have been built. 

In the case of certain industrial wastes, such as those from packing 
houses, the total quantity of suspended solids may be so much greater 
than in the sewages ordinarily dealt with as to require a))normally 
large sludge compartments, scum spaces and gas vents and to necessitate 
radical changes in their design as well as departure from the usual 
proportions of Imhoff tanks. 

Volume of Sludge. —As stated in connection with the design of the 
sludge-digestion compartment, the volume of sludge for which provision 
is made depends, among other things, upon the temperature which 
prevails during digestion. In northern climates there is great variation 
from season to season in the temperature of air, sewage and, most 
important of all, sludge in the digestion compartnient. In summer, 
when the temperature in the sludge compartment may be ()5 to 70° F., 
digestion is rapid, as indicated by vigorous generation of gas, but in 
winter it is retarded greatly. 

In northern climates digestion compartments are designed of sufficient 
size to provide storage for the solids deposited during the late fall, 
winter, and early spring, for during this period sludge is not usually 
digested thoroughly enough to be free from objectionable odor and to 
drain and dry readily. 

The solids as first deposited in the sludge chamber form a thiri, 
voluminous sludge. As decomposition progresses, the percentage of 
mineral matter in the sludge increases and the relatively inert digested 
material gravitates to the bottom. As the depth of sludge increases, 
the solids in the bottom tend to become compacted. The upi)er layers 
of sludge, where active decomposition is going on, are continually 
disturbed by the increments of fresh sludge settling in the sludge 
compartment and by the rising gas and gas-lifted solids. As a result 
of these conditions, the mass varies in consistency from a thin, watery 
material at the top to a comparatively thick sludge at the bottom. 

The organic matter in the sludge of Imhoff tanks undergoes changes 
similar to those which occur in single-story septic tanks. A theoretical 
method of arriving at the quantity of sludge accumulating in the sludge- 
digestion chamber is shown in Table 70. Here it is assumed, for pur¬ 
poses of illustration, that a hypothetical Imhoff tank situated in the 
northerly United States y^ceives from combined sewage 100 lb. of 
deposited solids a month, of which 60 lb. are assumed to be organic and 
40 lb. mineral matter. It is assumed also that 30 lb., or 50 per cent 
of the organic matter, must be digested in order to produce an inoffensive 
sludge. This is equivalent to 30 per cent of the total solids. For 
convenience thi^ portion of ^e organic matter is designated digestible 
8olid8f although digestion is not confined to it. With separate sewage. 



Table 70. —Theoretical Computatio?^ of Sludge Accumulation in Imhoff Tank at Temperatures Ranging from 

45 TO 64‘^F. 
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the proportion t>f digestible solids would approxinmto 40 per cent 
of the total solids. 

The temperatures of the digestion compartment are assumed to be 
those observed for the sewage at Schenectady, N. Y., iu 1927. The 
rate of digestion is taken from Fig. 92, with the assumptions that 
digestion is completed in 2 months at 60°F. and that the rate is constant. 
The latter is not strictly true, but errs on the safe side, as shown by 
Fig. 90, Since all the solids freshly deposited in any month are not 
subjected to digestion for the whole month, one half of the prevailing 
rate of digestion is assumed for these solids. 

The sludge remaining in the tank at any time comprises the undigested 
solids contributed, plus the residue of digestible solids at the end of the 
month, deduction being made for sludge drawn during six months. 
May to October, inclusive, at a uniform rate per month, sufficient to 
remove all the digestible material at the end of October, except a small 
quantity remaining undigested and another portion required for seeding. 
The solids drawn amount to 140 lb. a month, or 840 lb. a year, 360 lb. 
having disappeared as the result of digestion. 

The volume of sludge remaining in the tank has been computed 
on the assumption that the sludge will contain 15 per cent of solids at the 
bottom and 10 per cent at the surface and will average 12.5 per cent. 

The hypothetical data are reduced to terms in common use by 
assuming that the solids deposited in the tank correspond to 3 Ib.^ 
per capita monthly, equivalent to 120 p.p.m. on the basis of 100 gal. 
per capita daily sewage flow. The population contributing 100 lb. of 
solids per month is 100/3. This computation indicates a required 

3 

capacity for sludge storage of 63 X J^")= 1-89 cu. ft. per capita, the 

maximum being stored at the end of April. To this must be added an 
allowance for the neutral zone, which is not to be filled with sludge. The 
neutral zone is commonly assumed to occupy 18 in. of tank depth below 
the slots, say 20 per cent of the digestion-compartment volume below the 
slots, making a total of 2.36 cu. ft. ]:^r capita. The total sludge drawn 
during the year, 840 lb., on the assumption of 15 per cent solids is equiv¬ 
alent to 2.7 cu. ft. per capita or 550 gal. per million gallons of sewage. 

It is evident that an adequate knowledge of temperature conditions 
is essential to determiningj^ihe sludge-storage capacity of Imhoff tanks, 
as well as single-story septic tanks and separate sludge-digestion tanks. 
For rough computations the following approach is sometimes taken. 

From analyses of the sewage, or by a study of the sources of the sewage 
when analytical records are lacking, the quantity of suspended matter 
is first determined. For example, take this as 175 p.p.m., which is 
probable for domestic sewage collected by small separate sewerage 

1 For domestic sewage this would approximate 2.2 lb. per capita monthly, or 88 p.p.xn.' 
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systems. This quantity is equivalent to 1460 lb. of suspended matter 
per 1,000,000 gal. of sewage. It will be assumed that a detention period 
of 2 hours is selected and that in this tinie 50 per cent of the suspended 
matter passes from the sedimentation chamber to the sludge chamber. 
On this basis 730 lb. of solids will be collected in the sludge chamber 
from each million gallons of sewage. Some of this solid matter will 
be digested by the anaerobic processes going on in the sludge chamber 
and this reduction of the solids will be assumed as 25^ pei* cent, leaving 
548 lb. of solids to go into the sludge. The water content of the sludge 
will be taken as 87.5 per cent. Sludge of this water content and with a 
specific gravity of its solids of 1.4, because of the digestion of the lighter 
organic solids, measures 0.452 cu. yd. per 100 lb. of suspended matter. 
Hence 5.48 X 0.452 = 2.48 cu. vd. of sludge storage capacity must be 
provided for every million gallons of sewage passing through the tank 
during the sludge digest-on and storage period. This period may be 
taken in this case as 7 months, with the result that about 527 cu. yd. of 
space are required for a daily flow of 1,000,000 gM., or 1.42 cu. ft. 
per capita on a basis of sewage flow of 100 gal. per capita daily. No 
attempt should be made to compare this value with that of the oreceding 
example, which was found for combined sewage; on the basis of separate 
sewage the preceding analysis would have yielded a value of 1.40 cu. ft. 
jier capita. 

Another method of estimating the volume of sludge space has been 
developed l)y Allen, who has proposed the following formulas (8): 

Storage, cubic feet, for combined sewage = 10.5 PD 

Storage, cubic feet, for separate sewage = 5.25 PD 
where P is the population in thousands and D is the sludge-de*ention 
period in day^. The formulas are based on fresh sludge with 90 per 
cent moisture and digested sludge with 80 per cent moisture. 

It has been estimated that the digestion compartments of the Imhoff 
tanks at Fitchburg, Mass., provided 18.6 cu. ft. per pound of suspended 
solids removed from the sewage daily during 1924. The total capacity 
of sludge and scum compartments was equivalent to 34.5 cu. ft. per 
pound of suspended solids treated daily. At Worcester, Mass., during 
1928 the digestion capacity was equivalent to 20.1 cu. ft. per pound of 
suspended solids settling out daily in the Imhoff tanks. At Marion, 
Ohio, during 1925 and 1926 the digestion capacity was equivalent to 
45 cu. ft. per pound of suspended solids settling daily in the Imhoff tanks. 

Digestion of Humus Sludge in Imhoff Tanks. —At some Imhoff- 
tank, trickling-filter plants, the humus sludge from the secondary- 
sedimentation tanks is digested with .sewage solids in the Imhoff tanks. 

1 Forty per cent of the sludge may actually be assumed to be digestible, but allowance must 
bo made ft)r the fm t that the sludge deposited in the months preceding sludge-drawing is 
only pariialjiy digested. 
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At Fitchburg, the humus sludge was pumped at first into the influent 
pipe of the Imhoff tanks, in the expectation that the sludge solids would 
settle into the digestion compartments together with the solids from 
the sewage. According to Hartwell (7), 

This method delivered secondary tank sludge into the sedimentation 
compartments of all the tanks w’hilc they were in normal operation, which 
procedure was objectionable on account of (1) the light flocculent foam that 
covered all of the tanks for a number of days, (2) the reduced efficiency of 
the trickling filter and (3) the unsatisfactory final effluent. 

Subsequently, piping was installed to discharge the humus sludge 
directly into the digestion compartment of one of the five Imhoff tanks 
at a depth of 18 in. below the slots. The humus sludge so discharged 
into the Imhoff tank caused no foaming and did not affect the quality 
of the tank effluent. The combined sludges digested well, although 
the digested sludge from this tank did not dry quite so rapidly on the 
sludge beds as that from the other Imhoff tanks. The introduction 
of all the humus sludge into one Imhoff tank greatly increased the load 
of sludge in this tank, so that piping was later installed for pumping 
part of the humus sludge into other Imhoff tanks. This method of 
disposal of the humus sludge at Fitchburg has been entirely satisfactory. 

The solids in the humus sludge to be digested may be estimated 
from the suspended'solids in the sewage and the effluent from the 
primary-sedimentation tank. It may be assumed that 50 per cent of 
the suspended solids in the sewage will be removed by the primary- 
sedimentation tanks. Of the sewage solids passing through the primary- 
sedimentation tanks to the trickling filters, a portion will be removed 
by digestion within the filters. From experience, it appears reasonable 
to assume that digestion will result in 20 per cent less suspended solids 
in the trickling-filter effluent than in the primary-sedimentation-tank 
effluent. It may also be assumed that 50 per cent of the suspended 
solids in the trickling-filter effluent will be removed in the secondary, 
or humus, tanks. On these assumptions, the humus-sludge solids to be 
digested will be equivalent to 100 X 0.8 X 0.5 = 40 per cent of the 
primary sludge solids. 

Digestion of Excess Activated Sludge in Imhofif Tanks. —Digestion 
of excess activated sludgy" with fresh sewage solids in Imhoff-tank 
digestion compartments apparently can be accomplished satisfactorily. 
As removed from final-sedimentation tanks, activated sludge has a 
high water content, 97 to 99.5 per cent, and is extremely unstable, 
becoming septic in a short time. Digestion increases the sludge density 
and anaerobic decomposition produces a sludge which is similar in some 
respects to digested sludge from Imhoff tanks. When activated sludge 
is digested together with fresh solids, the ratio of activated to fresh solids 
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enters into the problem. Tests by the Sanitary District of Chicago 
indicate that a lower total yield of gas results from mixtures containing 
more than 33 per cent by weight of activated sludge on a basis of total 
solids. If it is assumed that 50 per cent of the solids in the raw sew¬ 
age are removed by preliminary sedimentation and that in the final- 
sedimentation tanks 90 per cent of the solids remaining after preliminary 
sedimentation arc removed, the proportion of activated solids in the 
resulting mixture of activated and fresh solids will be 

0.5 X 0,9_ 

0.5 X (1 + 0.9) “ 

The capacity requirements of Imhoff-tank digestion compartments 
for handling a mixture of primary and activated sludges have not been 
established. They may estimated using the method outlined for 
primary sludge alone^ with allowances for the increase in weight of 
skidge solids and for ai probable greater volume of sludge, due to higher 
moisture content. An average moisture content of 95 per cent during 
digestion may be representative of probable conditio, s within digestion 
compartments of Trnhoff tanks handling mixed sludge. Under such 
conditions, the digestion-compartment capacity requirements may be 
several times that for primary sludge alone. The gas yield will also be 
increased, but perhaps not in the same proportion as the weight of solids 
digested. Tests at the Des Plaines plant at Chicago have shown that 
the digestion period of mixed activated and fresh solids is somewhat 
increased over that expected for fresh solids alone. 

The digestion of primary sludge and excess activated sludge, was 
studied on a large scale at the Calumet plant in tests extending over a 
period of three years. The results were reported by Goodman and 
Wheeler (9) as follows: 

An average of 1.75 ni.g.d. of sewage was settled in an Iinhoff tank and the 
effluent was treated by the activated sludge process. The waste activated 
sludge was returned to the incoming sewage of the Imhoff tank. 

After six months' operation it was apparent that additional sludge-diges¬ 
tion capacity was needed to provide storage for the bulkier sludge from the 
activated sludge process. An additional Imhoff tank was used to supply 
the extra capacity required. This was operated as a separate sludge- 
digestion tank. The partially digested sludge was pumped over into this 
second Imhoff tank where the digestion was allowed to continue, until the 
sludge was in a satisfactory condition for drying. 

The activated sludge was wasted as slowly and as gradually as possible 
in order to obtain as nearly as possible continuous mixing of activated with 
fresh sewage solids in the Imhoff tank. Occasionally the flow of activated 
sludge had to be shut off so as not to withdraw too much from the activated- 
sludge process. The combined sludge after drying had all the character- 
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istics of Imhoff sludge produced at the plant except that it averaged about 
2 per cent higher in moisture content as drawn, contained somewhat higher 
total nitrogen, and cracked into much smaller sections when drying. 

Average figures for the entire period of experiment gave the following 
results: 9.4 cu. yd. per mil. gal. of activated sludge at 98.6 per cent moisture 
mixed with 2.2 cu. yd. per mil. gal. of fresh sewage solids at 90 per cent 
moisture (est.) gave 2.4 cu. yd. per mil. gal. of combined (digested) sludge 
at 89.9 per cent moisture. This amounts to an 80 per cent reduction in 
volume. The digestion of dry solids was based on determinations of sus¬ 
pended solids in the influent and effluent of the Imhoff tank and on the 
actual quantity of activated sludge wasted. These data over a long period 
indicated 32.5 per cent digestion of suspended solids. 

This experiment at the Calumet Sewage Treatment Works indicated the 
practicability of satisfactory digestion of Imhoff and activated sludges. 
This procedure was adopted in the design of the West Side Treatment Works, 
where the waste activated sludge of the North Side Treatment Works will 
be mixed with the fresh incoming sewage of the West Side plant and the 
mixed settled solids digested. 

Subsequently, experience with the digestion of waste activated sludge 
from the North Side plant together with primary sludge in the Imhoff 
tanks at the West Side plant has shown that a much larger digestion 
capacity is required than indicated by the tests at the Calumet plant, 
mainly because of the failure of the combined sludge to reduce in volume 
by consolidation to the extent obtained during t he tests. 

If excess activated sludge is to be introduced into the influent to 
two-story tanks, the bottom slopes of the flowing-through compart¬ 
ments are commonly made steeper and the sludge slots wider than 
they are where no activated sludge is introduced. If ttie activated- 
sludge floe is broken up seriously, as by moderate-speed centrifugal 
pumps, during the process of discharging it into the influent, most of 
the floe may not settle out in the Imhoff tanks, thus reducing their 
efficiency. If the sludge is pumped directly to the digestion compart¬ 
ment, excessive amounts of scum may be formed. 

In relating experiences with the digestion of excess activated sludge 
in an Imhoff tank at Pomona, Cal., Froehde (10) states that pumping 
activated sludge into the digestion chamber did not work, because a 
large quantity of sludge came up in the sedimentation compartment 
and was discharged with the tank effluent into the activated-sludge 
units. Fairly good results, although not entirely satisfactory, were 
obtained when the excess activated sludge was discharged into the 
inflow and settled out with the fresh solids in the sedimentation com¬ 
partment. Reinke (11) has reported the Imhoff tanks at Pomona as 
being overloaded. 

The digestion of activated sludge within the digestion compartments 
of Imhoff tanks*has seldom been adopted. Where the activated-sludge 
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solids are to be digested, the method generally in vogue is to provide 
preliminary sedimentation and separate digestion, the excess acti¬ 
vated sludge being discharged into the influent of the preliminary- 
sedimentation tanks for settlement and disposal with the primary sludge. 

Sludge Withdrawal. —In most Imhoff tanks gravity is the only force 
relied upon to make the sludge slip down the slopes to the inlet of the 
sludge drawoff pipe. Experience has shown that slopes of at least 
1.75 vertical on 1 horizontal, or better 2 on 1, are advisable. To avoid 
excessive depths in large-size hoppers, the slope is commonly reduced 
to 1 vertical on 1 horizontal, or even to 1 vertical on 2 horizontal. In 
the latter cases, provision is often made for agitating and flushing the 
sludge with water. The water is admitted through a to 2-in. pip'i, 
at or near the top of the slopes, and occasionally through another ring 
or single jet in the sump atjthe bottom of the hopper. The pipe perfora¬ 
tions are commonly about in. in diameter aiid about 20 in. apart. 
Ahdiough air has occafionally been used in place of water to secure 
agitation, it is not us^^d in tanks where gas is collected, because of the 
danger of producing an* explosive mixture. 

Sludge is usually removed from the tank through an 8-in. pipe. In 
some cases the pipe is extended vertically until the top is above the 
surface of the sewage, so that, in case it becomes clogged with sludge, 
either the material can be stirred by a jot of water, introduced through 
a cock trapped into the cap on the end of the pipe, or the pipe can be 
cleared by rodding. 

When a straight pipe is used, the sludge is not discharged from the 
end but through a curved branch with a valve, which is commonly 
located so that the outlet of the branch is 5 to 9 ft. below the level of 
the sewage. This head of sewage is enough to force the sludge up 
through the pipe and its branch, after the sludge has been loosened by 
jets of water from the perforated pij)es. 

According to Frank and Fries (6), a gravity pipe line for Imhoff sludge 
should have a slope of at least 12 per cent, in order to avoid danger 
of stoppage. When the available head between the sewage surface 
in the tank and the sludge-drying-bed drain is less than necessary to 
discharge the sludge by gravity, 8.5 ft. commonly being considered 
the minimum head for this purpose, some method of pumping the sludge 
is provided. 

Frank and Fries (6) comment as follows: 

The important thing in sludge pumping seems to be the retention ol the 
gases of decomposition. As has ofteh been stated in articles upon the 
dr>dng of decomposed sludge, the reason for the rapidity of the drying is that 
the expansion of the minute gas bubbles, upon being removed from a pres¬ 
sure of, say, 2 atmospheres at th^ bottom of the tank to a pressure oi 
1 atmosphere at the surface causes the sludge to be lighter than water. 
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When the sludge is placed upon the sludge-drying bed, therefore, it soon 
floats on its own water content, and this water, being free, quickly passes 
away through the porotis drying-bed material, leaving the sludge spadable 
in a few days. Therefore, whatever method of sludge lifting is employed 
it should be such as not to remove any of these gases of decomposition. 

Among the types of pumps which have been used are: plunger pumps, 
centrifugal pumps, air lifts, ejectors and hand membrane pumps. 

Plunger Pumps .—Plunger pumps have proved to be well adapted to 
lifting sludge, where they are placed sufficiently low so that the sludge 
from the tanks can enter the pumps by gravity and does not have to be 
sucked in as this suction tends to remove the gases. If the pump is 
simple in construction, it will insure minimum operation difficulties 
from the passage of solid particles of reasonable size. 

Centrifugal Pumps .—Centrifugal pumps are efficient and easy to 
operate, but they seem to have the disadvantage of stirring the sludge 
too violently and tending to disengage prematurely from each other 
and segregate the gas and sludge particles, thus, as above indicated, 
retarding drying. 

Air Lifts .—Air lifts have been successfully used ff»r pumping Imhoff 
sludge at Akron and Cleveland, Ohio, Fitchburg, Mass., and Flint, Mich. 
An advantage claimed for air lifts is the possible mingling of the com- 
presseil-air particles with the sludge, increasing the quantity of entrained 
gas and thus promoting the drying operation. 

Ejectors .—Another method of lifting sludge, which is utilized at 
Allentown, Pa., at the West Side plant in Chicago, III., and at Da3dion 
and Marion, Ohio, is by means of compression chambers. When the 
sludge from one or more sludge chambers is collected by gravity in an 
airtight drum, the admission of compressed air to tlu^ drum is a simple 
means of forcing the sludge to the drying beds. The great advantage 
of such a method is the practical elimination of clogging and the non¬ 
interference with the gas content of the sludge. 

Hand Membrane Pumps .—Hand membrane pumps are sometimes 
used in small Imhoff tanks. If the pipes used in lifting the sludge are 
of appropriate diameter, the velocity will be sufficiently great to avoid 
sedimentation. 

Gas Collection. —Two-story tanks lend themselves readily to the 
incorporation of gas-coU6c|ing devices. In modern installations gas- 
collection is frequently made part of the structural design, for either 
immediate or anticipated use. Older plants, too, can easily be modified 
to include this feature. The partitions separating the sedimentation 
and digestion compartments form part of the gas-collection system and 
little additional equipment is needed. To prevent the clogging of the 
gas bells a scum barrier, consisting of tongued and grooved boards set 
loosely, or of ^rous plates, is sometimes provided. Foaming, which 
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may render inoperative the gas-collection system, has been effectively 
controlled by recirculating liquor from beneath the scum over the scum 
surface for a period of 5 or 10 min. a day. 

Hatch (12) states that at the San Bernardino, Cal., Inxhoff-tank, 
trickling-filter plant, the gas-vent areas in the Imhoff tanks are 

covered with concrete roofs, 12 in. below the water line, so that the gas is all 
diverted into 4-ft. gas collectors. The gas collectors have artificial water 
seals so designed that the gas pressure can be vari(;d from 4 to 10 in. of water. 
The gas is piped from the collectors to two 750-ft. capacity lift-type gas 
holders. From the gas holdei.s it is piped back to the control house, where 
it is used to operate a 40-h]). gas engine direct connected to a 28-kva., 
50-cycle, 3-phase generator, which provides all power and lighting for the 
plant. 

Hatfield and Morkert (IM) hav'e described the gas-collection syvStem 
on the Imhoff tanks at'Decatur, III., as follows: 

4 

The gas vents which were originally open to the air were reconstructed 
in 1926 to collect the digestion gases, by building a subirerged arch roof in 
each vent which terminated into 80-in. tile between each wa^k way. Over 
these tile were placed galvanized metal bells for collecting the gases. The 
collecting bells were originally connected by insulated 1-in. pipes, but these 
small pipes froze badly in subzero weather and have been replaced by 2-in. 
galvanized pipes. The 2-in. pipes frost up in subzero weather and insulate 
themselves with cellular ice crystals, and at 17° below zero have not frozen 
due to the insulating properties of the frost lining. 

Scum formation in the gas collectors has not been a serious item of main¬ 
tenance. The majority of the gas domes are not taken off and cleaned iiiore 
than once or twice a year. 

Practically all the gas is collected and metusured through a Foxborc orifice 
meter. The volumes are corrected to 60°F. and 29.90 in. of mercury, which 
is standard industrial gas practice. Before adding the excess plant sludges 
the gas volume was about 60,000 cu. ft. per day, but during 1930 and 1931, 
although the added solids increased to 12,000 and 14,000 lb. per day, the 
daily gas volume dropped 5 to 7 per cent (or to about 47,000 cu. ft. per day). 

The volume of gas collected varied from 3.3 cu. ft. per pound of solids 
added to the digestion compartments in 1931 to 5.7 cu. ft. per pound 
during 1929. 

The gas vents of the Imhoff tanks at Dayton, Ohio, are provided with 
gas-collecting domes, as shown in Fig. 102. These cast-iron domes are 
intended to operate under pressures varying from 12 to 16 in. of w'ater. 
If the pressure is excessive, it may be relieved by the tilting of the dome. 
The top of the dome is removable for inspection and cleaning. A 
wooden baffle prevents the entrance of scum into the gas dome. 

From the collection domes the gas is piped into a lateral leading 
through a water seal to the gas main. The water seal is provided as a 
protection against flashback, or disturbance at one dome spreading 
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to the gas main or domes on other laterals. Provision is made at each 
dome for gas sampling. 

The gas main leads through an orifice meter and condensate tank 
to a compressor. Connection is made between the meter and the com¬ 
pressor to a waste-gas incinerator, which is provided to consume gas not 
utilized for other purposes. This is also provided with a water seal 
for safety purposes. 

The gas is compressed to a maximum of 50 lb. per square inch and 
stored in two pressure tanks, from which it is drawn through pressure 



Fia. 102.—Gas-collecting dome in IinholT tank at Dayton, Ohio. 

reducers for use in the screenings incinerator, plant furnaces and labora¬ 
tory, and for use in the clubhouse on a near-b}^ golf course. Only a 
portion of the total gas produced has been required for these purposes 
and the remainder has been disposed oi in the waste-gas incinerator. 

During the first 24 weeks of 1981 the gas production at Dayton 
was as shown in Table 71. 

Table 71.—Gas Production in Imhopf Tanks at Dayton, Ohio, Jan. 4 

TO June 20, 1931 


Quantity of gas prodlided: 

Cu. ft. aday.... . 68,200 

Cu. ft. capita daily. 0.34 

Cu. ft. pifl^ mil. gal. of sewage. 3,460 

Cu. ftrjifedb. solids deposited. 3.26 

Proport^l^tgas: 

Comj^ri^^d for use, ■ per cent. 61 

BumM to waste, pei- cent.. 39 
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> Measured below intersection of sloping sides at slots. 

* Measured above intersection of sloping sides at slots, excluding sedimentation capacity. 

* Includes provision for digestion of excess activated sludge from North Side plant. 
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Additional data on the quantity of gas produced in Imhoff tanks are 
included in Chap. XIV, together with a discussion of other phases of the 
production and utilization of the gases from sludge digestion. 

Statistics of Imhoff Tanks.—The comparison of Imhoff tanks pre¬ 
sented in Table 72 illustrates the variations in design of some existing 
installations. 

Special features of the Imhoff tanks at the Westerly treatment plant, 
in Cleveland are described by Gascoigne (14) as follows: 

The 16 Imhoff tanks, which are built on natural foundations without piles, 
occupy a total area of about an acre, the entire tank structure being built 
in eight independent units so that should trouble develop in any of the units 
a large percentage of the plant can be kept in operation during repairs. 
Between the tanks there are constructed two galleries for removing sludge, 
operating the perforated water lines around the hoppers and emptying the 
tanks, should this be found necessary, through special drains in the bottom. 
Skimming chambers are provided at the entrance to each flow compartment 
of the tanks. The gas vents are closed with hinged wooden covers. 

The design of the Westerly works is based upon an estimated popula¬ 
tion of 288,000 and an average dry-weather flow of 86 m.g.d. 

Efficiency of Imhoff Tanks.—As previously stated, the Imhoff tank 
performs two functions, the sedimentation of the readily settleable solids 
and the digestion of the settled solids, so that they may be readily 
dewatered and dried satisfactorily. The efflcieiicy of the Imhoff tank 
as a sedimentation device is substantially the same as that of plain- 
sedimentation tanks as described in Chap. XII. The efficiency of 
Imhoff-tank digestion compartments has been discussed in the present 
chapter, in connection with the volume of sludge produced. 

In general, it may be said that 40 to 60 per cent of the suspended solids 
are removed from the sewage in the sedimentation compartment and, 
if digestion is allowed to proceed to a suitable extent, the solids deposited 
will be reduced by 30 to 40 per cent by digestion and may be drawn from 
the tank with a moisture content of apf^roximately 90 per cent. 

Starting Operation of Imhoff Tanks. —In northern climates some 
operating difficulties may be experienced when Imhoff tanks are placed 
in service for the first time. This is particularly true when plants 
are completed and placed in operation in the late fall, as is often 
the case. Sludge solids accumulate during the following long spell of 
cold weather, while digestion proceeds very slowly, if at aU. With the 
arrival of warmer weather active digestion is established in the large 
accumulations of sludge, which frequently results in excessive foaming. 
Usually there is adequate tank capacity during initial operation so that 
the tanks so affbctM may be taken out of service when difficulties 
develop and pdi^i^Iy also son|e of the sludge may be transferred from 
them to spare units. 
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To avoid such difficulties it is desirable, in the northern portion of this 
country, to start operation of the tanks during the late spring or the 
summer season. Active digestion may then become established prior 
to the cold season and the tanks may be seeded with a sufficient quantity 
of ripe sludge to continue the process, even though at a greatly reduced 
rate during the winter months. The practice of filling the tanks with 
water or weak sewage before starting operation appears to be helpful. 

Rudolfs (15) summarizes his experiments on seeding new tanks as 
follows: 

Experiments on seeding of fresh-sewage solids with horse manure, cow 
manure and muck, in compariso i with ripe Imhoff sludge, as aids in digestion 
tend to show that neitlier manure nor muck is as effective for seeding as ripe 
sludge. Muck is about half ns good as ripe sludge and horse and cow manure 
still less. If sludge from a ’‘olluted stream is available for seeding, it is to 
be favored; second choice wouM be hon^^e manure (\i^ithout straw) and finally 
c^w manure. Either of these substances is better than nothing, but poorer 
seeding material than ripe Imhoff sludge. . . . Additions of lime to fresh 
solids when ripe sludge is present for seeding keeps floating solids down. 

Operation of Imhoff Tanks.—Imhoff tanks should be operated with 
a view to promoting their two important functions, namely, the removal 
from sewage of suspended solids and the digestion of such solids to a 
degree sufficient to render them inoffensive when spread on drying beds, 
used for filling or fertilizer, or otherwise disposed of. Furthermore, the 
tanks should receive the necessary attention and cleaning required to 
prevent the production of offensive odors. Beaumont (16) states: 

The satisfactory operation of Imhoff tanks requires intelligent md con¬ 
scientious supervision founded on a thorough understanding of the prin¬ 
ciples involved. Well-designed tanks improperly operated have failed to 
produce satisfactory results, while others of less favorable design have by 
skillful manipulation been made to give results which have been regarded as 
excellent. Even in the case of well-designed and properly operated tanks, 
difficulties are likely to arise at times which will tax the ingenuity of the 
most skillful operator. 

Among the difficulties encountered in the operation of Imhoff tanks 
are: excessive accumulation of scum, foaming, production of odors, 
production of sour or acid sludge, choking of slots and sludge pipes, 
collection of solids on sloping bottoms of sedimentation chambers, and 
failure of sludge to move to the apex of hopper bottoms. 

As in the case of single-story septic tanks, in drawing sludge from the 
tanks the rate of withdrawal should be slow, in order that the whole 
mass of sludge may settle and no conical depression may be formed 
over the orifice. If the latter were the case, relatively undigested sludge 
might be withdrawn and some <jf the older, well-rotted material might 
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be left. Poorly digested sludge, if drawn, would be offensive and diffi¬ 
cult to dispose of. All the sludge which still is undergoing active 
decomposition should remain in the chamber to keep up, without 
interruption, the changes taking place there. 

Odor Control ,—Frequent flushing and cleaning of tank walls and 
removal of skimmings will do much to prevent the escape of odors from 
the tanks. The frequent use of a squeegee in the sedimentation com¬ 
partment insures the removal of such solid material as may collect 
on the sloping bottom or in the slots. Influent and effluent channels 
also should be kept free from deposits and growths. 

The control of odors from Imhoff tanks has been summarized by 
Cohn (17) as follows: 

Care and cleanliness will do much to maintain Imhoff tanks in nonodorous 
condition, given a fresh sewage and flow conditions through the tanks that 
do not result in depletion of dissolved oxygen. Where such conditions do 
not exist, the use of chlorine applied in the raw sewage, either in the trunk 
sewer as described above, or at the inlet to the tanks, can be depended upon 
to effect remarkable odor control. At Schenectady, the writer has controlled 
odors in the Imhoff tanks by prechlorination of the raw sewage at the tank 
inlet at rates of 4 p.p.m. and over. At rates of 6 p.p.m. and over the tanks 
gave off a clean chlorosubstitution odor that was apparent to both laymen 
and sewage experts who visited the plant. The tanks took on a grey color 
during the morning and a coppery brown tinge in the afternoon. Residual 
chlorine was not prtM3cnt in the effluent or at any point in the tanks and some 
hydrogen sulphide was found by repeated tests to be present in the tank 
effluent. It would appear that odor control does not require the neutraliza¬ 
tion of all hydrogen sulphide in the sewage. Experience at Schenectady this 
year has indicated that tank odors are most marked during the early morning 
hours and the evening hours just prior to the fall of darkness. The prechlor¬ 
ination of the crude sewage flow at these hours is resulting in excellent odor 
control at the tanks. Without a doubt, the practice of the three c*s (care, 
cleanliness and chlorine) will control odors from Imhoff tanks. 

Fair and Carlson (18) and Keefer and Kratz (19) have found that 
chlorination does not affect digestion. 

Scum and Foam Control ,—Excessive accumulation of gas-lifted solids, 
or scum, in the gas vents mav be a serious obstacle to successful opera¬ 
tion. In some plants the scum has risen above the tops of gas vents 
and in others it has extended downward practically to the elevation 
of the slots. Under the latter condition, solids have been carried upward 
through the slots into the sedimentation compartment, from which 
they were carried out with the settled sewage, greatly decreasing the 
efficiency of sedimentation. 

Under some co^i^taons the proportion of solids collecting in the 
bottom of the tapk has been s^ small that it has been practically impos¬ 
sible to remove any solids in the form of sludge without first driving. 
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down the scum by breaking it with paddles or streams of water to 
liberate the gas. If scum is thus broken and the solids are allowed to 
settle, they may rise again in a comparatively short time. 

The reduction of scum by hand methods or by hose streams involves 
a comparatively heavy operating expense. Learned (20) states that 
mechanical «||gitators have been successfully used for breaking up scum 
at Newton, Kan., and at Enid, Okla. 

Foaming seems to be associated with acid conditions in the digesting 
sludge, such as are observed when the tank is overloaded, when rapid 
digestion of the sludge accumulated during the cold winter months 
sets in as the weather becomes warmer, or when acid or acid-forming 
industrial wastes are present in the sewage. Excessive growths of 
certain protozoa are said to be s'^sociated with foaming at times. Occa¬ 
sionally such foam has accumulated in considerable masses, filling 
the gas vents, overflowUife their walls, and spreading out and covering 
A^lks and the sewage/'a the sedimentation compartments. 

Irnhoff reports that in the 40 plants in the Ruhr and Emscher Districts 
foaming is unknown. 

Buswell (21) found that scum could be kept soft and disintegrated, 
a condition favoring its digestion and settling to the bottom of the tank 
as sludge, and that foaming could be controlled, by routine circulation 
of liquor from beneath the scum in a stream over the scum blanket for a 
l)eriod of 5 to 10 min. per day. In carrjdng out a large-scale experiment 
at Bus well’s suggestion, Hatfield reported the installation of the recircu¬ 
lating device 

in four of the eighteen gas collectors of a badly foaming Imhofi tank. 
During six weeks’ operation the foaming seemed to be so well coutioJied that 
connections have been placed in all the 108 gas collectors of the six-tank 
plant. Circulation for scum and foam control is now in use on one tank 
(18 collectors) and permanent connections to all gas holders are contemplated. 

Results of experiments on a plant scale in the control of foaming by 
liming are reported by Rudolfs (22) as follows: 

A comparison of two Iinhoff tanks, one treated with lime to adjust the 
reaction of its contents, and the other untreated, shewed that the treated 
tank gave no sign of foaming and was free from scun^ for several months in 
spite of the fact that it was continuously operating, whereas the untreated 
tank had to rest and could not be put into operation for a long time on 
account of heavy foaming. 

Proditction of Acid Sludge ,—If the digestion processes do not proceed 
under normal and favorable conditions, the sludge may be poorly 
digested and may be in a sour or acid condition. In this connection 
GUlespie (23) reported as follows* ^"For acid sludge, milk of lime is an 
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uncertain remedy. In many plants time has eventually accomplished 
the change from an acid to an alkaline condition.’’ 

Cost of Construction, Operation and Maintenance of Imhoff Tanks. 

The cost of Imhoff tanks, exclusive of land and engineering, based on 
prices prevailing from 1925 to 1929, varies from $15,000 to $35,000 per 
mil. gal. daily of sewage treated. An average figure is about $20,000. 
On the basis of the population for which they were designed, the per 
capita cost varies from $1.50 to $3.75, a common figure being $2.50. 
The large variations in unit costs per mil. gal. daily and per capita are 
partly due to the differences between various installations in allowances 
for settling and sludge-storage compartments. The principal items of 
cost are concrete and excavation. Owing to the hopper bottoms, numer¬ 
ous division walls, thin partitions, gas chimneys, baffles and conduits, all 
of which require steel reinforcement and difficult form work, the unit 
cost of concrete is relatively high. Excavation costs may be affected 
by deep cuts requiring shoring, pumping and rock excavation. An 
average cost of tank per cubic foot of water capacity below the normal 
operating water line is about 60 cents. Costs vary from 45.to 75 cents 
in various instaUations. 

The principal work involved in the operation of Imhoff tanks is 
cleaning, removal of sludge, scum and skimmings, and control of flow. 
Where pumping is required to remove the sludge, this adds to the operat¬ 
ing costs. The tanks are usually operated in conjunction with other 
treatment processes and operating costs for the tanks alone are not 
generally available. Such costs as are published range from $1.50 to 
$5.00 per mil. gal. of sewage treated. The annual operating cost 
for plants serving 50,000 persons, or less, may approximate 15 cents per 
capita, although for larger installations the per capita cost may be only 
half as much. 
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CHAPTER XVII 


SEPARATE SLUDGE-DIGESTION TANKS 

Instead of placing the digestion unit below the sedimentation unit, 
as is done in an Imhoff tank, the units may be constructed side by side 
or at some distance from one another, in which case the digestion unit 
is known as a separate sludge-digestion tank. The expense and construc¬ 
tion difficulties sometimes incident to the great depth of two-story tanks 
are thus reduced. Any one of the common forms of settling tanks may 
serve as the sedimentation unit, the deposited solids being conveyed 
thence continuously or at regular intervals to the digestion unit. The 
sludge is commonly pumped to the digestion unit, which therefore can 
be placed at the most advantageous location and elevation in conformity 
with other plant structures and subject to foundation conditions. 
In modern separate sludge-digestion tanks, the incoming solids are 
thoroughly mixed with digesting sludge and pocketing of fresh solids is 
thus avoided; the settled solids are introduced while still fresh, i.e., 
Ijefore acid fermentation has set in; and the digestion tank is maintained 
as warm as practicable. Since the digested solids drawn from the tank 
contain less water than the incoming fresh solids, provision is made to 
remove the excess sludge liquor accumulating in the tank. This liquor 
either is discharged into the influent of the sedimentation tank or is 
passed through a small sand filter before joining the effluent from the 
plant. The tanks are usually covered and gas is collected and utilized 
in maintaining favorable temperatures for digestion. 

Most of the recent installations are circular tanks 10 to 40 ft. in depth. 
Sludge is commonly added within the middle third of the tank depth 
and withdrawn from the bottom at the center. Where sludge is drawn 
without the aid of mechanical sludge-removal equipment, the tank 
bottom is usually given a slope pf 1 vertical to 3 horizontal or steeper. 
Where mechanical stirrers and sludge-removal equipment are provided, 
the bottom slopes are made relatively flat, as in the case of mechanically 
equipped plain-sedimentation tanks. 

Types of Tanks.— Several types of sludge-digestion tanks have come 
into use. The older installations consist of either rectangular earth 
basins, sometimes called digestion pits, or flat- or hopper-bottom tanks, 
similar to plain-sedimentation tanks. Some of the newer designs have 
been developed for the collection of gas and for the utilization of mechan- 
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Fig. 103.—Types of separate sludge-digestion tanks. 


bottom. The tank illuvstrated has a iixed cover and is heated by its own 
gases. The Springfield tank (Fig. 1036) is also circular in plan with a 
hopper bottom and is equipped with a floating gas cover and a special 
means for distributing the fresh solids. The Dorr digester (Fig. 103c) 
is equipped with a sludge-removal mechanism which also acts as a scum 
breaker and distributes the incoming solids. In the erase of the Kremer- 
Kusch tank (Fig. 103d) which is chiefly employed in Germany, the diges¬ 
tion tank is divided into two compartments which are used in series for 
two-stage digestion. 
















418 


AMERICAN SEWERAGE PRACTICE 


Two types of sludge-digestion tanks at the Baltimore sewage-treat¬ 
ment plant are illustrated in Fig. 104. 

Elements of Design. —The design of separate sludge-digestion tanks 
is dependent upon the factors governing the digestion process, local 
conditions and requirements, the type of tank and equipment to be 
provided, heating and conditioning requirements and various other 
elements. Summarized, the more important considerations are: 
quantity and character of sewage solids to be digested; period of sludge 
digestion, which is in turn dependent upon temperatures to be main¬ 
tained and whether or not provision is made for the storage of digested 
sludge; allowances for freeboard, clear liquor zone and factor of safety; 
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Fig. 104. —Two types of sludge-digestion tanks at Baltimore, Md. 


^ype of roof; type of mechanical equipment to be provided, if any; 
heating of tanks; gas collection and utilization and possibly waste-gas 
disposal; and sludge piping. 

Capacity of Digestion Tanks.—^The theoretical considerations govern¬ 
ing the digestion of sewage sludge are given in Chap. XIV and their 
application in the estimation of required sludge-storage capacity in 
Imhoff tanks is exemplified in Chap. X\ I. Calculations for determining 
the required capacity of separate sludge-digestion tanks without provi¬ 
sion for artificial heating may be similar to those for Imhoff tanks. On 
the other hand, the temperature,of the sludge in separate digestion tanks 
does not follow that of the setrage. If the tanks are built above the 
ground, the temperature of the sludge more nearly approaches that of 
the atmosphere and if they are built below the ground, it approaches that 
of the ground air or the ground water, depending upon the elevation of 
the water table. Smce these controlling temperatures are frequently 
considerably lower in winter th^y those of the sewage, the space required 
in unheated digestion tanks is commonly larger than the sludge space in 
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Imhoff tanks. To reduce it, artificial heating is resorted to. The 
temperature of heated tanks is usually maintained at 70® to 90®F. 
The digestion period provided at these temperatures is commonly 2 
months, when allowance is made for drawing the digested sludge 
throughout the year. 

In the northern part of this country it is almost impossible to dewater 
sludge on open sand beds during the colder months of the year. In the 
case of covered beds, the drying rate is groatly retarded during this 
period. Mechanical dewatering of sludge and its disposal on land may 
be carried on practically independently of weather or climatic conditions. 
Unless means are available for the treatment and disposal of the digested 
sludge as fast as produced, provision is generally made for storing such 
sludge. This may be done oithe’* in lagoons or in relatively inexpensive 
storage tanks, as /it Peoris. Ill. (1). The storage of any considerable 
quantity of digested atrixis m heated, separate sludge-digestion tanks 
dyes not appear to be < cononiical. 

In Imhoff tanks, part of the digestion compartment is occupied by a 
neutral zone in the ''dcinity of the slots and part bv scum space. In 
separate digestion tanks, similarly, a capacity allowance 25 to 30 per cent 
in excess of the theoretical requirements is often made for circulation 
and distribution of the sludge, for the formation of a clear-liquor zone, 
and as a factor of safety in the operation of the tanks. 

Where appropriate, allowances for the digestion of trickling-filter 
humus or excess activated sludge are made as in the case of Imhoff 
tanks. Activated sludge is digested either alone or in conjunction with 
primary sludge. Rudolfs (2) concluded from tests at Milwaukee “that 
activated sludge digests more rapidly than fresh sewage solids, and that 
no greater digestion capacity is required, in spite of the fact that more 
solids must be treated from the activated-sludge process (without 
preliminary sedimentation) than from settling processes.’^ Until more 
information is available, it appears reasonable to allow as great a capacity 
for activated sludge as for primary sludge, while taking into account the 
higher percentage of moisture in the activated sludge, both as added 
to the tank and as digested. 

The practicability of the digestion of fine screenings in conjunction 
with sewage sludges has been discussed in Chap. X. Where this 
practice is followed, the capacity of the tank is usually increased in 
accordance with the quantity of screenings to be digested. Similarly, 
where provision is made for the digestion of sludge from chemical-pre¬ 
cipitation plants, it is reasonable to allow for a larger quantity of sewage 
solids than in the case of plain sedimentation, as well as for a suitable 
quantity of chemical sludge due to the precipitants added to the sewage. 

The capacity requirements for heated sludge-digestion tanks are 
influenced by or dependent upon'a number of factors, among them being 
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the temperature to be maintained, the weight of total and volatile 
solids to be added, the character of sludge,—whether primary, humus, 
activated, chemical precipitation or a mixture of such sludges—the 
process employed,—whether of a single stage or of two or more stages— 
the storage requirements for digested sludge, if any, and the degree of 
digestion required, as determined by subsequent methods of sludge 
treatment and disposal. With a given set of the above conditions, 
other factors of importance in the capacity requirements are: the con¬ 
centration of sludge, as added to the tanks, during digestion, and possibly 
during storage; the reduction of solids by digestion and the rate at 
which it progresses; and the requirements for clear-liquor zone to insure 
a relatively clear overflow. With so many variables, it is not surprising 
that capacity allowances at various plants vary widely. It is not logical 
to place the allowance upon a per capita basis, without due regard to 
variations in factors influencing the requirements. 

In a report on sewage disposal for the Hackensack Valley, Fuller 
recommended the equivalent of 16.8 cu. ft. of digestion-tank capacity 
per pound of suspended solids to be digested daily. An additional 
capacity of 11.8 cu. ft. per pound of suspended solids to be digested 
daily was proposed in sludge-storage tanks to be operated in conjunction 
with covered drying beds. In a report by Gascoigne on the Easterly 
plant at Cleveland, the total allowance for digestion and storage in 
conjunction with covered drying beds was equi\alent to 12.5 cu. ft. 
per pound of suspended solids to be digested daily, based on removal 
from the sewage of 90 per cent of the suspended solids by the complete 
treatment process. 

The loading on the Peoria, Ill., digestion tanks from November, 1931, 
to March, 1932, inclusive, operated as single-stage digestion tanks, was 
1 lb. daily for 16.2 cu. ft. of tank capacity. The equivalent capacity of 
the Springfield, Ill., digestion tanks, as operated during 1930, 1931 and 
1932, was 19.3, 19.5 and 13.5 cu. ft., respectively, per pound of solids 
added daily. During tests made at Grand Rapids, Mich., from June 
to‘‘October, 1931, the loading on the digestion tanks was equivalent to 
one lb. of solids daily for 18 cu. ft. of tank capacity. During tests at 
Elyria, Ohio, from April to September, inclusive, 1931, the digestion 
tanks had a capacity of 23.5 cu. ft, per pound of total solids added daily. 
During 1930 and 1931, the digestion-tank capacity at the North Toronto 
plant in Toronto, Ont., was* equivalent to 12.1 and 11.0 cu. ft., respec¬ 
tively per pound of total solids added daily. The sludge drawn during 
these years, although otherwise suitable and inoffensive, did not have 
rapid drying qualities. 

Based on experience in the operation of sludge-digestion tanks at 
San Antonio, Tex., Stanley (3) has estimated a required capacity of 
40 CU. ft. per pound of volatile matter added daily, equivalent to 29,6 cu. 
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ft. per pound of total solids added daily. The digestion period is 
assumed to be 60 days and no allowance is made for the storage of 
digested sludge. Stanley states that he has not been able at any time 
to obtain a digested sludge, free from objectionable features for drying 
on open beds, in less than 60 days’ digestion period. 

Based on a tank capacity of 15 cu. ft. per pound of suspended solids 
removed daily by the sewage-treatment process, a sewage flow of 100 gal. 
per capita daily, total suspended solids of 300 p.p.rn. in the sewage and 
50 per cent removal of suspended solids by plain sedimentation, the 
required capacity of digestion tanks on a per capita basis would be 
found as follows: 

JOO X 8.33 X 300 X 0.,50 X 15 

-_____-^ j pgj. capita 

On the basis of continuous operation and daily withdrawal of digested 
slddge, the Committee !t»n Sludge Digestion of the Sanitary Engineering 
Division, American Society of Civil Engineers, has proposed the follow¬ 
ing formula (4): 


AD - 


C = 


PVAD 

2 


62.5(1 - W) 


0.008(2 - PV)AD 
"^1 - W 


The symbols used are as follows: 

C = theoretical capacity of sludge-digestion tank, cu. ft. 

A = dry solids added, lb. daily 
D == minimum period of digestion, days 
P = volatile matter digested, per cent 
W = mean water content of sludge in tank, per cent 
V" = volatile matter in sludge, per cent. 

On the assumptions of a sewage how of 100 gal. per capita daily, 
300 p.p.rn. suspended solids in the sewage, 50 per cent removal of 
suspended solids by plain sedimentation, A = 0.125 lb. daily, D = 
60 days, P == 75 per cent, W = 95 per cent and V = 75 per cent, the 
required capacity of digestion tank would be 


0.008(2 - 0.75 X 0.75)0.125 X 60 
1-0.95 


2.07 cu. ft. per capita. 


Storage requirements for digested sludge depend upon the methods 
of dewatering and disposal used in conjunction with the digestion process. 
When digested sludge is dewatered by mechanical filters, no storage 
capacity may be required. In combination with covered drying beds, 
storage for the equivalent of 2.5 months’ production of digested sludge 
may be required in the northern states. In such a case the storage 
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capacity may be estimated along the following lines. On the assump¬ 
tions that reduction of solids by digestion = 40 [)er cent; average 
moisture content of sludge in storage = 90 per cent; specific gravity of 
sludge in storage = 1.03, and maximum storage period = 2.5 months; 
the required storage capacity would be 


100 X 8.33 X 300 X 0.50 X 0.00 X 2.5 X 30 
I^OO'OMO X ()2.4 X 1.03 X 0.10 


0.8S cii. ft. per capita. 


In conjunction with open drying beds in the northern states, a storage 
capacity equivalent to 5 months’ production of digested sludge may be 



Fig. 105.—Downes Uoatinfi; cover in separate sludge-digestion tank. 


required. On the assumptions previously made, the sludge-storage 
capacity required with o])en lieds would be 


5 X 0.88 
2.5 


1.70 cu. ft. per capita 


The capacities of a number of American tanks are given in Table 74. 

Roofs. —Separate sludge-digestion tanks are usually covered, even 
when they are not heated and when the gases of decomposition are not 
collected. If exposed to the air, the floating scum becomes partly dried 
and has been known to build up a thick, dense mass which is the source 
of objectionable odors and flies. Roofs may be either stationary, as 
shown in Figs. 103d and in which a water seal prevents the escape 
of gas, or floating, as shown in Fig. 1036. The gas collectors at Birming¬ 
ham, England, are constructed of reinforced concrete in the form of 
inverted pontoons that float on the digestion tanks. 

The floating cover shown in Fig. 105 was suggested by Downes at 
Plainfield, N. J., and developed by the Pacific Flush-Tank Co. Covers 
of this type haVe been installed at Elgin and Springfield, Ill., Annandale., 
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N. J., Mamaroneck and Middletown, N. Y., and Cleveland and Elyria, 
Ohio. At the Easterly plant in Cleveland, floating covers are installed 
in 12 hexagonal tanks, in which the distance between parallel sides is 
95 ft. 

The fixed roof of the standard type of Dorr digester (Fig. 103c) is 
slightly arched to facilitate the collection of gases near the center of the 
tank. Part of the roof load is carried by the truss which supports the 
scum breaker and sludge plows. A departure from this standard form 
is made at the North Toronto plant, where the original tanks, which are 
40 ft. in diameter, have fixed, domed roofs with a 4-ft. rise above the 
springing line and none of the roof load is carried by the truss. Several 
dome-roof tanks of Hardinge design, which contain sludge-removal and 
scum-stirring mechanisms, have been installed, including 3 tanks 76 ft. in 
diameter at Wichita, Kan., 2 tanks cif 45-ft. diameter at Pottstown, Pa., 
and tanks 70 ft. in di-udcter at Findlay, Ohio, 55 ft. in diameter at 
TJorth Chicago, 111., ard 30 ft. in diameter at McPherson, Kan. 

Where relatively thin concrete roof slabs are used, supplementary 
means may be required to make the roof gastight under the required 
working pressure, normally not more than 18 in. of water. In the design 
of tanks with concrete roofs, it is reported that Priiss plans to cover them 
with sheet lead (5). 

Mechanical Equipment.—In order to promote efficient operation, the 
Dorr sludge-removal equipment has been adapted for use in separate 
sludge-digestion tanks. It includes a scum breaker attached to the 
shaft as shown in Fig. 103c. The plows attached to the lower arms are 
held about 3 in. above the floor and cause the thick sludge to move 
toward the center of the tank, h’or tight-roofed tanks the upper arms 
are located just under the roof and act as scum breakers. The mecha¬ 
nism is operated at a speed of 0.04 r.p.m. 

For open digestion tanks the scum-breaker arms rotate about 4 in. 
above the surface of the liquid. These arms are built in the form of 
channels from which, in one type, are suspended heavy chains that are 
submerged in the liquid. The function of these chains is to assist in 
breaking up scum. The raw sludge may enter the digester at the 
center and be distributed over the entire surface by the revolving channel 
arms. 

Equipment similar to the Dorr has been develoi^ed by the Hardinge 
Co. for both flat- and dome-roof tanks. 

Heating of Tanks.—In order to reduce the sludge-storage capacity of 
digestion tanks, which, as shown in Chap. XIV, is so largely dependent 
upon the prevailing temperatures of digestion, the tanks are usually 
heated. The gases of decomposition are commonly collected and utilized 
for this purpose. Heated tanks are roofed and, in some instances, 
insulated to reduce hqat losses. Earth cover is commonly employed 
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to.protect the tanks from direct exposure to low air temperatures. It is 
advantageous either to place the tanks above ground-water level or to 
take special measures to insure against excessive heat losses if they 
})enetrate into ground water. Sufficient heat is commonly supplied to 
the tanks to raise the temperature of the incoming sludge to 70 to 90®F. 
and to compensate for heat losses from the tanks. 

The heat required for raising the temperature of the sludge added to 
the digestion tanks varies directly with the volume of sludge and rise in 
temperature required. The volume variations of sludge have been 
described in Chap. XII. The temperature of the sludge added may vary 
with the season and normally corresponds to that of the sewage. Data 
relative to mean annual and monthly temperatures of sewage are given 
in Tables 26 and 27. Based on a production of 2910 gal. of primary 
sludge per million gallons of sewage, as derived in the hypothetical case 
considered in Chap. XII, at a temperature of 45°F., representing the 
minimum month, and on a temperature of 85°F. within the digestion 
tanks, the heat required to raise the temperature of the sludge added 
would be 

2910 X 8.33 X 1.03 X 40 = 1,000,000 B.t.u. per mil. gal. of sewage. 

For tanks serving 10,000 persons, with a per capita sewage flow of 100 gal. 
daily, this would be equivalent to 1,000,000 B.t.u. daily. In the above 
calculation, the assumption is made that 1 B.t. u is required to raise 
1 lb. of sludge 1°F,, as in the case of water. 

The heat losses from digestion tanks under conditions comparable to 
those at the North Toronto plant, given in Table 73, may be equivalent 
to 0.6®F. daily. A similar loss of heat is reported from the digestion tank 
at Antigo, Wis. (6). Based on a population of 10,000 and a digestion- 
tank capacity of 1.88 cu. ft. per capita, as derived in the hypothetical 
study, the maximum heat requirements to compensate for losses from 
the digestion tank would be 

10,000 X 1.88 X 62.4 X 1.03 X 0.6 = 726,000 B.t.u. daily. 

The total maximum heating requirements for single-stage sludge-diges¬ 
tion tanks receiving primary sludge, based on the above assumptions, 
would be 1,726,000 B.t.u. daily. 

The most common method of heating digestion tanks is by circulating 
hot water through coils placed in the tanks. Other methods are heating 
the incoming sludge to a degree which will compensate for the heat 
losses, adding hot water to the tanks, or drawing sludge from the tanks, 
heating it and returning it to the tanks. 

At the initial North Toronto plant the primary sludge and excess 
activated sludge wei^ heated in a heat-exchanger tank prior to discharge 
into the digestion tanks, which had a total capacity of about 100,000 cu.. 
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ft. of sludge. The heat-exchanger tank was of concrete, about 12 ft. 
long, 6 ft. wide and 5 ft. deep. Steam coils were placed in this tank and 
the sludge was heated by direct contact with the coils. A row of 
diffuser plates was set along one side of the tank at the botvom. This 
permitted the use of diffused air for inducing rapid circulation of the 
sludge and facilitating heat transfer. The tank was covered with 
sectional steel plating, which might be raised with the assistance of 
counterweights. Ventilation was provided by means of a fan and ducts. 

The effectiveness of the North Toronto heat-exchanger tank is shown 
in Table 73. 

The rate of heat transfer fnun the steam coils under the conditions at 
North Toronto was about ^0 B.t.u. an hour per square foot of radiation 
per degree difference in teniperature between steam and sludge. The 


Tabijs 73.— Operation. ./J dr.AT-ExjHANQER Tank at North Toronto 

SEWAGBjrTREATMBNT PlANT, ToRONTO, OnT. 
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coils and heat-exchanger tank were cleaned daily with a hose and brush. 
When the sewage-treatment plant was enlarged in 1933, provision was 
made for heating the digestion tanks by the circulation of hot water 
through coils placed in the tanks. 

It is obviously easier to remove incrustations from the outside of 
pipes than from the inside. Since crusting is likely to occur, especially 
if high temperatures are used, it is best to pass the heating medium 
through the pipes and to immerse the pipes in the sludge to be heated. 
The heating of activated sludge in small pipes by means of exhaust 
steam in a jacket about the pipes proved unsatisfactory at Milwaukee, 
because the sludge clogged the tubes so rapidly as to make it impracti¬ 
cable. 
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The area of heating coils required is governed by several factors, 
including the rate of heat transfer from the coils, the difference in 
temperature between hot circulating water and sludge in the digestion 
tanks, and the heat units required to heat the sludge added and to 
compensate for heat losses. The rate of heat transfer may vary with 
the density and viscosity of the sludge and the efficiency of the iiistalla> 
tion, as regards promoting convection currents. Walraven (7) states 
that at Springfield, Ill., 

using galvanized, wrought iron heating coils, a coefficient of heat transfer 
was found as low as 10.2 B.t.u. per hour per 1®F. difference in temperature 
per sq. foot of heating surface, with the coils surrounded by sludge which 
averaged 12 per cent solids. With other coils surrounded by thin sludge, 
approaching supernatant liquor in density, the coefficient was found to 
be 39. 

Keefer (8) reports the overall efficiency of heat transfer in piping coils 
during tests at Baltimore, Md., as 10.7 B.t.u. hourly per square foot per 
degree Fahrenheit difference in temperature. The heat transfer through 
copper-pipe coils in the digestion tank at Halle, Germany, as reported by 
Heilmann, was 10.2 B.t.u. hourly per square foot per degree Fahrenheit 
temperature difference (9). 

Queer (10) has suggested that the heating coils be distributed in the 
region between 25 and 60 per cent of the height of sludge in the tank. 
If the coils are located in the region above 60 per cent of the sludge height 
and within the supernatant liquor zone, they may be ineffective in 
supplying heat to aid digestion. Furthermore, the loss of heat from this 
section of the tank may be greater, because of the lower viscosity of 
the supernatant liquor. Heating in the region below 25 per cent of the 
sludge height may be ineffective because of the relative inertness of the 
material. For a temperature of 80®F. within the tanks, Queer recom¬ 
mends, as a result of tests, that the heating coils be designed on the 
basis of a unit rate of heat transfer pe^ square foot hourly per degree 
Fahrenheit difference in temperature, ;imounting to 12 in the region of 
25 to 35 per cent of the height, 18 in uhe region of 35 to 50 per cent and 
24 in the region of 50 to 60 per cent. On account of the high viscosity 
and poor convectional heat transfer in sludge, he recommends that the 
heating coils be spaced 15 to 24 in. upon centers both horizontally and 
vertically. 

The limiting factor in temperature of hot circulating water is the 
crusting of sludge on the coils. Walraven has reported to one of the 
authors that serious crusting occurred on the coils at Springfield at 
180®F. Downes (11) has found a crust about ^ inch thick on the hot 
end of the coil, , tapering off to zero about two thirds of the distance 
around the coil,- after three aitd one half years of service at Plainfield,. 
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N. .1., where hot water is used at temj)eratures ranging from 100 to 
140°F. He concludes that, if the inlet temperatures are kept below 
110®F., there will be little tendency to form crust and that above 120°F. 
the tendency to incrustation is much more pronounced. Rudolfs (12) 
has reported that ^'experiments made at the New Jersey Sewage Experi¬ 
ment Station have shown that water heated to 140®F. caused no cak¬ 
ing (12). Resselievre states that no caking results at Antigo, Wis., 
with the initial temperature of hot water entering the heating coils 
at 120®F. (12). 

The drop in temperature through the coils depends on the rate of 
flow, the rate of heat transfer, the area of pipe coil and the difference in 
temperature between cireiiluting water and sludge. 

In a preceding hypothetical stud.y, it was estimated that the maximum 
heating requirements for single-stage digestion of primary sludge at 
85°F. would be 1,726,000 iV.t.i,. daily for a sewago flow of 1 rn.g.d., from 
wlpch 150 p.p.rn. of su‘upended solids settle out. Rased on a rate of 
heat transfer of 10 R.t.u. hourly per square foot per degree Fahrenheit 
difference in temperature and an average temperature of hot water in 
the coils of 100®F., the surface area oi^ coils required under the above 

conditions would be x l^Tx^ ~ 

Sludge Piping.— The piping system of a digestion tank includes 
facilities for adding and drawing sludge and for discharging compara¬ 
tively clear liquor. Provision for circulating sludge during digestion 
and for drawing foam or scum, as well as for heating and conditioning 
purposes, may also be desirable. 

Under the influence of sedimentation, compacting and digestion, the 
sludge commonly collects at the botton) of the tank, whence it may be 
withdrawn. Scum may rise to the top and an intermediate zone of 
relatively clear liquor may be formed. The scum may at times accumu¬ 
late to considerable depths and, instead of collecting at the top of the 
tank, may collect in an intermediate section above the sludge level with 
relatively clear liquor above and below. It may be advisable, therefore, 
to provide either connections at various levels or a flexible drawoff 
pipe, so that the overflow liquor displaced when a charge of sludge is 
received, may be taken from the most suitable point. Such facilities 
will also permit the withdrawal of excessive accumulations of scum 
for drying on sand beds. 

Fischer (13) reports 12 in. of scum on the digestion tanks at Hartford, 
Wis., 33 in. at Kiel, Wis., and 10 ft. at Ridgewood, N. J. These are 
maximum figures but are indicative of what may take place. With 
similar conditions in mind, Downes (14) states: “An overflow at the top 
might carry with it some suspended matter. Additional 'take-offs' at 
different levels would facilitate operation." Along the same lines 
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Gould (12) reports: careful selection of the point of withdrawal it 

is possible to obtain liquid with but little suspended matter, which may 
be returned to the plant influent without causing much trouble.’^ 

Since sludge is usually pumped to the tanks, by suitable connections 
it is possible to provide both for recirculating the sludge, for purposes 
of heating or seeding, and for pumping sludge from one tank to another. 

Piping systems which carry sludge are generally designed in such a 
way as to facilitate cleaning in the event of clogging. 

Disposal of Digestion-tank Overflow Liquor.—As sludge is ordinarily 
drawn from plain-sedimentation tanks and added to separate sludge- 
digestion tanks, it contains a large proportion of water. Since the sludge 
settles in the digestion tank during storage, relatively clear liquor is 
formed and provision must be made for its withdrawal and disposal. 
Some difficulties have been experienced in withdrawing a relatively clear 
liquor and in the disposal of the liquor as drawn. 

When the plant at Ridgewood, N. J., was placed in operation, the 
fine screenings and settled sludge from plain-sedimentation tanks were 
pumped to the digestion tank, the overflow from the latter being returned 
to the sedimentation unit. Th^ digestion tank was seeded with a small 
quantity of ripe sludge, but a scum formed to a depth of 10 ft. As the 
overflow pipe extended only 4 ft. below the normal liquid level, a mixture 
of septic screenings and raw sludge, containing 13 per cent solids, was 
being disdiarged into the settling tank instead of clear liquor. Part of 
this septic scum settled in the sedimentation tank and part was dis¬ 
charged with the effluent on to the trickling filters, where clogging of the 
nozzles and filter medium resulted. To correct conditions, the overflow 
was diverted to a sand bed and an adjustable outlet was made, so that 
material could be drawn from the tank at different levels. The tank 
was cleaned and reseeded and the pH was controlled by adding lime, 
so that foaming and excessive depths of scum were eliminated. 

For the Sugar Creek plant at Charlotte, N. C., McConnell (15) 
reported as follows: 

Considerable difficulty has been encountered with the bulking of sludge 
in the aerating and final settling tanks. This is attributed to the overflow 
from the sludge digestion tanks being passed through the aeration units. 
Though the digestion tanks arc maintained in a satisfactory stage, the 
liquors displaced from theup during pumping periods are at best a very 
unsatisfactory addition to the aeration tanks. 

McConnell informed the authors that the procedure in September, 
1930, was to discharge the excess activated sludge into the preliminary 
settling tank and to pump as thick a mixed sludge as possible into the 
digestion tanks, in order to jtpinimize the quantity of overflow liquor. 
The digested sludge is not allowed to accumulate, but is drawn off, in. 
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order to enable a clear-liquor zone to form and to improve the quality 
of the overflow liquor. Also, an extra quantity of activated aludge is 
maintained in the aeration tanks, to take care of the oxygen demand 
of the digestion-tank overflow. These measures have reduced con¬ 
siderably the difficulties formerly experienced with the tank overflow 
and excellent results have been obtained at the plant. 

Piping connections at various depths and cross connections between 
tanks have been provided at the North Toronto plant in Toronto, Ont., 
so that the operator is enalded to draw overflow liquor from relatively 
undisturbed sections of the digestion tanks. The overflow liquor 
discharged when sludge is being added to the tanks under normal operat¬ 
ing conditions has averaged abort 0.4 |>er cent solids. Under abnormal 
conditions, such as obtain when the tanks are filled with sludge solids, 
the overflow liquor has contained more than 1 per cent solids. At this 
plant the discharge of o^ '^rfow liquor into the incoming sewage has 
apparently had no detrin^ental effect upon the final effluent. 

The most common ink thod of disposal of overflow liquor is by dis¬ 
charge into the influent of primary-sedimentation tanks. 

According to Gould (12), 

a separate sludge well, in connection with digestion tanks, is often of dis¬ 
tinct advantage. Surplus liiiuid can be drained to it from the tanks. The 
solids can be settled out or floated to the surface l)y the use of aluin, the clear 
liquid pumped to the main influent of iho plant, and the solids returned to 
the digestion tanks. 

Hesselievre (12) reports that 

several State Departments of Healtli have issued rules requiring the creat- 
ment of this displaced liquid [from separate sludge-digestion tanks] sepa¬ 
rately. This usually entails only the construction of a small sand filter. 

Goudey states that the overflow liquor from separate sludge-digestion 
tanks at Salem, Ohio, because of its high B.O.D., upset the activated- 
sludge plant when returned to the plant influent (16). This was over¬ 
come by installing a separate settling tank for the excess activated 
sludge, concentrating it and pumping thickened activated sludge to the 
digestion tank. The overflow from the digestion tank was always clear 
thereafter, showing that the water content of the excess sludge pumped 
to the digestion tank had a great bearing on the character of the overflow 
liquor. 

Gas Collection. —The collection and burning of the gas produced in 
digestion tanks present problems of design and operation which require 
careful consideration. Scum, gas-lifted solids or foam may clog gas¬ 
collecting domes and gas piping and provision may be required for its 
removal or control. In this connection Emerson (17) states: 
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Equipment for preventing scum from rising into the gas bells themselves 
is still in the development stage. Screens of a type found satisfactory in one 
installation may become clogged in a very few days in another. Elevation 
of gas domes or bells above the surface has been of little value in some 
installations where foaming has caused iroth and scum to rise several feet 
above normal level. 

• At Peoria, as reported by Kraus (18), 

Due to splashing and the consequent entrainment of sludge in the gas, \i 
was found necessary to raise the vertical gas withdrawal pipes on the 
collecting domes from 2>2 ft. to 8 ft. above the sludge level. This was 
accomplished by raising the 4-in. gas withdrawal lino and housing it in an 
8-in. sheet-metal pipe closed at the top. This procedure entirely obviated 
the difficulty. 


Mimyeapolis 



Fig. 106.—Diagram of gas piping and water-heating apparatus at sewage-treat¬ 
ment plant, Antigo, Wis. 

Where sludge digestion proceeds under favorable temperature and 
reaction and the scum is suppressed by roofs or other means, little trouble 
is ordinarily experienced in gas collection. The breaking up of the scum 
by stirrers, which liberate entrained gases and cause the scum to settle, 
may also be helpful in minimizing gas-collection difficulties. 

Tanks are generally designed so that the withdrawal of sludge or 
supernatant liquor does not permit the entry of air bfeneath the gas 
collectors, thereby forming an explosivt. mixture. A mixture of gas and 
air is highly explosive when the gas comprises 5 to 12 per cent by volume 
of the mixture. This is not so acute a problem where floating roofs are 
provided, if the tank is operated so that the roof always exerts a positive 
pressure and is not allowed to rest in its lowest position. In tanks with 
fixed roofs, the withdrawal of sludge causes a drop in the water level of 
the tank, unless the period of withdrawal is timed to correspond with the 
period of sludge addition. This is not always easy of accomplishment. 
At the North Toronto plant float-actuated valves on the city water 
supply permit a flow of compensating water into the tanks, whenever 
the water level in the tanks tends to drop because of the withdrawal of 
digested sludge at rates in excess of the addition of fresh sludge. 
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Douahiie (12) suggests the possibility of* having a gas container in 
series with the gas line, so that, as sludge i» withdrawn from the digestion 
tank, gas will be discharged into the tank lo replace the sludge removed. 
This would maintain constant gas pressures. At Lancaster, Pa., each 
•of the two sludge digesters, having an inside diameter of 50 ft., is 
covered with a concrete slab roof, in the center of which is located a gas 
holder, 20 ft. in diameter and 17 ft. 4 in. in height, with a capacity of 
5500 cu. ft. 

In Fig. 106 is shown a diagram of the gas piping and water-heating 
apparatus at the sewagevtreatinent plant in Antigo, VVis., where sludge 
gas is burned under a boile»‘, in order to heat water which is passed 
through heating coils in the slu Ige-digestion tanks. 
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Fio. 107. Separato sludjsco-digostion tanks at Boonton, N. J. 


A further discussion of gas collection, storage, utilization and protec¬ 
tive devices is given in ('hap. XIV. 

Statistics of Separate Sludge-digestion Tanks.—The design charac¬ 
teristics of several American installations of separate sludge-digestion 
tanks are given in Table 74 and a cross section of the tanks at Boonton, 
N. J., is shown in Fig. 107. 

Separate Sludge Digestion in England.—The best known examples 
of this method of sludge treatment in England are at Bath and Birming¬ 
ham. Plain sedimentation is provided for the sewage from 1,000,000 
people at the Birmingham plant and the settled sobds are discharged 
into seven digestion tar.ks, some of which are provided with raft- 
supported gas-collection domes, of precast reinforced concrete. During 
July, 1929, 95 per cent of the power used for pumping sewage and for 
other purposes about the works was produced from the gas collected. 
It is expected that when additional tanks are equipped for gas collection, 
all the gas needed at the works vrill be obtained from this source. 

At Bath two primary digestion tanks, with a total capacity of 675,- 
000 cu. ft., and nine secondary di^^stion tanks, with a total capacity of 





Table 74. —Comparison of Separate Sludge-digestion Tanks 


432 


AMERICAN SEWERAGE PRACTICE 



of 850,000 cu. ft. is i»ovided in nnheated tanks. 
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015,000 ou. ft., are provided. Combined primary and humus sludges 
are digested in the tanks. 

Separate Sludge Digestion in Germany. —Separate sludge digestion 
together with collection and utilization of the gas produced is practiced 
on an extensive scale in Germany. A summary of present practice from 
the observations of Keefer (5) during 1930 follows: 

At Essen-Rellinghausen, Inihoff has constructed a circular digestion tank 
which is provided with a submerged cover. The gases, which are collected, 
are burned in a boiler in order to heat water, vvhich flows into the sludge 
tank at a temperature of about 180®F. P^ven though the quantity of water 
added is constantly less than 1 gal. a minute, it is possible to maintain a 
temperature of about 70°F. in the tank. 

At Gelsenkirchen, in the r^ssen district, Pruss has recently constructed 
six digestion tanks, all of which are provided with concrete covers for gas 
collection. The gas, wlm hi* bunu*d in a boiler, heats water to a tempera¬ 
ture of about 180°F. This water passes to an insulated heat exchanger, 
which consists of a metal cylinrler, containing a series of tubes or pipes. As 
the raw sludge is pumped into the digestion tanks it passes through the heat 
exchanger and its temperature is raised. 

The digestion tanks at the Gelsenkirchen plant, as well as at Frohnhausen 
and several other plants in the PJssen district, have been equipped with 
vertical pumping units for stirring and mixing the sludge. The impeller 
of each, pump is set in a vertical pipe which extends nearly to the tank 
bottom. When the pump is started, sludge is drawn into the lower end of 
the pipe, and after passing through the impeller is discharged on the 
surface of the sludge. This operation provides a thorough mijflng 
of the digesting materials. Priiss^ observations have been that sludge 
digests twice as rapidly under such conditions as in a tank where pumping 
is not resorted to and that the rate of gas production is also doubled. 

At the Essen-Nord plant the sludge is circulated for 60 min. twice a 
day, each pump having a capacity of 150 g.p.m. Prdss reports that by 
reversing the pump the floating scum is removed from the top and made 
harmless by mixing it with ripe sludge (19). 

Not all German authorities agree, however, that such vertical mixing 
is a wise procedure. According to Sierp (20): 

Intensive mixing of the total contents of a tank prevents the necessary 
stratification of sludge according to its age and degree of digestion. It 
could easily happen, if the contents are mixed, that fresh, undigested sludge 
would be withdrawn from the bottom of the tank, while the digested sludge 
would remain in the tank, probably in the upper part. The latter 
difficulty would certaiidy not occur with horizontal stirring, as in the Dorr 
digester. The constant stirring, however, would unfortunately disturb the* 
outer layer of insulating sludge. 

In order to utilize the heat of the sewage, much as in Imhoff-tallk 
sludge-digestion comjpartments, frtiss has built a tank, shown in 
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Fig. 108, in which plain-sedimentation compartments are located 
adjacent to, and on either side of, a sludge-digestion chamber (19). 
There are no direct connections between chambers. The sludge is 
removed daily from the sedimentation compartments by a portable air¬ 
lift pump and discharged into the digestion compartment. Vertical 
screw pumps are provided for circulating the sludge in the digestion 
compartment. 

The Kremer-Kusch tank (Fig. 103d), which is trapezoidal in section 
and plan and is divided into two compartments, is used for two-stage 
sludge digestion. Following destruction of the more readily decomposed 
materials in the first compartment, the more resistant materials are 
finally digested in the second chamber. The first compartment is 



Flo. 108.—Hediraentation tanks with adjacent sludRe-digestion tank at Essen- 
Frohnhausen, Germany. 


shallow with large surface area and the second is deep with small surface 
area. This arrangement is believed by the designers to favor digestion. 
It should be noted, however, that the fresh solids are not seeded with 
digested material in this type of tank. The Kremer-Kusch digestion 
tank is generally used in connection with the Kremer sedimentation 
tank, a vertical flow tank with a deep sludge cylinder, designed to 
facilitate the withdrawal of fresh solids. 

Imhoff (21) has reported tlmt at the end of 1983 there were 70 towns 
in Germany with separate aMdge-digestion tanks and that the separate 
sludge-digestion process is being adopted rather than the Imhoff process, 
since Imhoff digestion compartments cannot be heated effectively. 

Cost of Constructioii, Operation and Maintenance of Separate Sludge- 
digesdon Tanks* —‘For comparative purposes the costs of separate diges¬ 
tion tanks may. best be compared on the basis of unit capacity. Plain 
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hopper-bottom tanks without roofs commonly cost 30 to 50 cents per 
cubic foot of water capacity. Including roofs, the cost may be 40 to 
60 cents a cubic foot and including both roofs and mechanical stirrers, 
$0.75 to $1.00 a cubic foot. The cost of heating equipment and housing 
will add to the above costs. Based on 2 cu. ft. per capita, a common 
allowance, digestion-tank costs vary from $0.60 to $2.00 per capita. 
At Peoria, heated digestion tanks of 660,000-cu. ft. capacity, costing 
about $200,000, and unheated storage tanks of 850,000-cu. ft. capacity, 
costing about $107,000, are provided. Based on 140,000 persons, which 
was the population of design, the cost x)er capita is about $2.20 for sludge- 
digestion and sludge-storage capacity. Provision is made at this plant 
for a great load of industrial \,^astes. 

The cost of operation of the Baltimore digestion tanks was about 
50 cents per mil. gal. of sewage flow and 1.6 cents annually per capita 
during 1927 and 1928. TI is is a large plant and operation costs of 
smaller plants may be n^any time.s as great as that at Baltimore. The 
operation of the stirrers in the four tanks at North Toronto, which are 
40 ft. in diameter, requires about 100 kw.-hr. a day. The unit power 
cost at this plant is low, but on the basis of an average flgure of 1.5 cents 
a kilowatt hour the power costs for the operation of the stirrers would be 
about $550 a year, $0.30 per mil. gal. of sewage treated and 1 cent 
annually per capita served. The factors entering into the cost of 
operation of sludge-digestion tanks include adjustments of sludge flow, 
labor and supplies for heating, power for and maintenance of mechanical 
equipment, and maintenance of embankments, superstructures, piping 
and valves. 
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CHAPTER XVIII 


INTERMITTENT SAND FILTERS 

The oxidation of the organic matter in sewage by biochemical agencies 
may be accomplished by intermittent application to beds of sand or other 
fine-grained material. The action of the filter may be separated into 
two functions, physical removal of suspended matter, largely by strain¬ 
ing, and biochemical removal of colloidal and dissolved organic sub¬ 
stances, or their transformation into stable material in the effluent. 
The mechanical straining action is easily understood, but the oxidation 
action is more complicated, A gelatinous film is formed, covering each 
grain of sand. This film is th«^ home of bacteria which feed upon and 
break down the complex organic matter adsorbed from the sewage and 
transform it into stable substances. The manner in which changes in 
sewage are accomplished by filtration is discussed further in Chap. XXL 

Preliminary Treatment.— Treatment of sewage before applying it to 
filters is not so essential to efficient operation of intermittent sand filters 
as it is to that of conta(;t ])eds and trickling filters. Removal of the 
coarser suspended matter from the sewage in fact results in deeper 
])enetration of the remaining solids into the filter, necessitating the 
removal of greater depths of sand when the beds are cleaned. The 
advantages of using settled sewage, however, generally outweigh 
the disadvantages. 

At Marlborough, Mass., the sewage is settled in plain-sediii'entation 
tanks prior to intermittent sand filtration. At filter plants in Framing¬ 
ham and Milford, Mass., presedimentation is provided in Imhoff tanks. 
Detention periods of 1 to 2 hr. are connnonly employed. 

Where a high degree of purification is desired, intermittent sand filters 
are sometimes used for the final treatment of oxidized sewage from con¬ 
tact beds, as at Boonton, X. J., from trickling filters, as at Brockton, 
Mass., or from the activated-sludge process, as at Tenafiy, N. ,J. 

Selection of Filtering Material and Filter Sites. —^Where suitable sand 
is available in place, a filter bed can be constructed by stripping off loam 
and subsoil and grading the surface to receive sewage. The extent of 
removal of soil is usually determined by the cost of the work. Large 
stones and roots of trees, together with the fine earth about them, are 
generally cleared away. 

The limit for excavation may be determined in several ways: by the 
color of the sand; by loss of weight of the sand on ignition, due to the 
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volatilization of the organic matter; by taking a small portion of 
the sand in a glass of water, shaking thoroughly, and permitting the 
sand to subside, the quantity of organic matter and fine sand found 
upon the top of the sand, when the material has settled, furnishing a 
ready guide as to the relative content of objectionable matter; and by 
mechanical analyses of representative samples of the sand. 

The filtering material selected for sand filter beds affects in one way 
or another the rate of filtration, the quality of the effluent, the frequency 
of clogging and the cost of construction and operation. Where natural 
sand deposits are not available at the site of the filters, the cost of the 
material is of great moment. 

Clean quartz is best suited for use in intermittent sand filters. If the 
sand is too coarse, it permits too rapid filtration, insufficient contact 
and deep penetration of fine solids. If, on the other hand, it is too fine, 
it limits the water load too greatly and decreases aeration by too long 
retention of the sewage and capillary saturation of the sand. The aim 
in selecting the filtering material is to obtain a bed of uniform permea¬ 
bility, so that differences in hydraulic resistance will not cause overload¬ 
ing at places where the sewage passes through the sand most freely. 
I^alhi and silt have a tendency to hold water by capillarity and to reduce 
aeration, unless the filter is operated at a low rate. Clay, cementitious 
sand and other relatively impervious materials are useless for inter¬ 
mittent filters. 

Where no suitable sand is available in place, the site for the filters is 
often selected with regard to economical haul of the available suitable 
material from a borrow pit. When material is excavated from a borrow 
pit, screening and mixing of the sand may be advisable, to obtain uniform 
permeability in the bed and a material of desirable size and uniformity. 
Other factors governing the location of the filtration area are isolation, 
topography, disposal of effluent, length of outfall and pumping require¬ 
ments. Where either raw or settled sewage is applied to sand beds, it is 
generally desirable to have the plant at a distance from any substantial 
settlement. 

Mechanical Analysis of Sand.^ —The present standard methods of 
mechanical analysis of sand w'ere- developed by Hazen in 1890 at the 
Lawrence experiment station and were described in the report of 
the Massachusetts State Board of Health for the year 1892 (1). The 
accumulation of forty years of practical experience has resulted in no 
change in basic method. 

In brief, the mechanical analysis affords information as to the size 
distribution of the sand grains in a sample, through separating the sand 
by means of sieves into portions having grains of different average sizes. 

^ For a ditcuBsion of this subject see "Water Works Praotioe," Am. Water Works Assoc., 
1925. 
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From the weights of the several portions the relative quantities of grains 
of different average sizes are computed. 

Two related measures are commonly employed to describe the dis¬ 
tribution of particle sizes of filter sand, namely the '^effective; size'' and 
the uniformity coefficient." They are determined by passing a known 
weight of sand through a nest of sieves of wire cloth, with progressively 
smaller mesh openings, and weighing the quantity of sand passing each 
sieve. The effective size" is that size, commonly express«»d in milli¬ 
meters, than which 10 per cent of the sample by weight is smaller; the 
“uniformity coefficient" is the ratio of the size, than which 60 per cent 
of the sample is smaller, to the effective size. Hazen fixed upon the 
effective size as best representing the relative position of different sands 
with respect to capillarity and frictional resistance to the passage of 
water. The uniformity coeffi<;ient defines the size range within which 
50 per cent of the particles ’n-end reflects to a certain extent the })orosity 
of the sand. Generally. speaking, the more uniform a material the 
greater is its pore space. 

Desirable Sand Size. —It is desirable for the effective size of sand used 
in intermittent filter beds to lie between 0.20 and 0.35 mm., although 
good work may be done by materials outside these limits. Materials 
of 0.10 to 0.20 mm. will give admirable effluents but cannot pass suf¬ 
ficient quantities of sewage and tend to clog quickly. The coarser 
materials may lead to difficulties in satisfactory distribution of the 
sewage over the bed and to a low degree of purification. Sands with 
effective sizes even lower than 0.10 mm. are being successfully used in 
Massachusetts and some good filters contain sand of an effective size 
as low as 0.03 mm. The deleterious effect of even a small proportion of 
extremely fine sand in filter beds has led some engineers to the opinion 
that it may be economical, where beds are constructed by hauling sand 
into place, to remove the finest material by washing. In fact, it has 
been specified in some cases that not over 1 per cent of the sand grains 
shall be less than 0.13 mm. or thereabouts in diameter. 

The nearer the uniformity coefficient is to unity the more desirable 
will be the sand. Nevertheless good work has been done by beds 
containing sand with a high uniformity coefficient. The coefficient of 
the majority of beds graded in situ in New England is between 3 and 15. 

Hydraulics of Filtration. —The frictional resistance of sand to water 
has been studied in America by a number of investigators. A useful 
formula for the determination of this resistance was developed by 
Hazen (1), On the basis of effective size of the sand the capillary rise 
of water was represented by Hazen in the following expression* 
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and the frictional resistance offered by the sand was represented by the 
expression, 



where H = height in millimeters to which water will be lifted by capillar¬ 
ity in sufficient quantity to prevent circulation of air 
(I = effective size, millimeters 

V = velocity in meters daily of a solid column of water of the 
same cross section as that of the sand; also approximately 
equals the rate of filtration in million gallon per acre daily. ^ 
h = head of water causing motion 

I — thickness of sand; h/l ~ loss of head, feet per foot of sand 
T = temperature, degrees Fahrenheit 

c = a coefficient varying with the compactness of the sand and, 
in the case of intermittent sand filters, with the displacement 
of the air in the filter. In water filtration, values of 500 to 
1200 generally are observed. 

Owing to the frequent misapplication of this formula and failure to 
observe the conditions under which the Massachusetts experiments were 
made, particular attention is called to the following statement made by 
Hazen in discussing a paper by Koenig (2): 

. These results have been quoted nuuiy times, but in doing this their form 
has been sometimes changed, new assumptions have been introduced, and 
limitations originally made have bium omitted, so that in using them at th(i 
present time, the only safe way is to refer to the original publication. 

Depth of Bed. —Although little added improvement is obtained by 
making sand filters deep, it has been found advantageous practically 
to have 3 or 4 ft. of sand above the underdraiiis, in order to prevent th() 
sewage from breaking through and reaching the collectors in an inade¬ 
quately oxidized state. The greater depth has a steadying effect upon 
the bed efficiency, requires a less elaborate system of underdrains and 
during the life of the bed permits removing more sand in the course of 
cleaning operations. To ensure unsaturated sand near the surface, 
filters arc usually made deep enough also to offset the capillary rise of 
water. Fine sand with an effective size of 0.1 mm., for example, will 
raise water by capillarity in. more or less. On the other hand, if beds 
are made too deep, ventilation is impaired. If anaerobic conditions are 
established in the bottom layers, the effluent is deteriorated in quality, 
iron may be taken into solution and growths of iron l)acteria, Creiiothrix 
polysporaf then may clog the drains. 

‘ With a porosity, of 40 per cont, the actual average velocity of flow through the pore 
spaces will be times that given by Equation (6). 
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Clark (3) has stated that, other things being equal, filters of greater 
depth give effluents of a higher degree of purification than those of less 
depth. In the case of coarse sands, with an effective size of 0.25 mni. 
or more, 4 or 5 ft. in depth of bed was found desirable, filter 10 ft. 
deep gave a somewhat better effluent, but not markedly so. Shallow 
filters, with 2 ft. of coarse sand, gave fair results when operated at low 
rates. 

Where intermittent filters are provided to follow contact beds or other 
oxidation processes, they are sometimes given depths of only 2 to 3 ft. 
Underdrains are generally spaced more closely in shallow beds than in 
deep ones. 

The depth of sand above tht* underdrains at a number of American 
plants is given in Table 76. 

Filter Loading.-^-The most common methods of expressing filter 
loadings are the volume o* Sewage treated per unit of filter area and the 
poDulation served per unit area. 

Under average conditions the rates of treatment shown in the follow¬ 
ing schedule are employed in intermittent sand filtration: 



1 ^, 1 
j Gal. per acre 1 

I daily 

Persons per acre 

Little or no preliminary treatment.... 
Settled sewages. 

20,000- 75,000 
50,000-125,000 

400- 1,000 
500- 1,500 

lOffluent from contact beds, trickling 

filters or activated-sludge process... 

100,000-800,000 

1,000-10,000 


The filter loading at a number of installations is given in Table 76 
and the loading on filters in Massachusetts is shown in Table 75. 

The rate at which sewage is applied to the filters in Massachusetts has 
been fairly well standardized by experience. In 1911, Barbour (4) 
stated his practice as follows: 

The size of dose may be changed but that usually applied is equivalent to a 
little more than 1 in. in depth on the sand surface, and experience has 
proved that a rate of discharge equal to 1 cu. ft. per second for eacli 5,000 sq. 
ft. of area will effect, on the ordinary sand bed, good distribution. 

The authors' practice is to apply the sewage at the same rate, 1 cu. ft. 
per second per 5,000 sq. ft. of area, but they aim to cover the bed to an 
average depth of 3 in. This is because the average bed has an uneven 
surface and a 3-in. depth of sewage seems necessary to make every 
square foot serviceable. A dose covering a 1-acre bed 1 in. deep is 
equivalent to approximately 27,000 gal. 

The loading of sand filters is based upon the surface area of the bed 
with no reference to the volume of filtering material, because the fineness 
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of the filtering medium and the formation of a surface .film of sludge 
concentrate the purifying process in large measure at the surface. 

Dosing Cycle.—It is essential in all processes of biological filtration 
that an abundant supply of oxygen be admitted to all portions of the 
filter. For this reason the dosing and resting of the filter are of vital 
importance. It has been found desirable to apply sewage to sand filters 
in intermittent doses, in order to ensure thorough aeration of the bed and 
good distribution of the sewage upon it. 

The doses may be regulated by a dosing tank or similar device or, in 
the case of large plants, by manual control of gates on the distributing 
system. Descriptions of a number of common dosing devices are given 
in Chap. XXIII. 

The appropriate size and frequency of the dose depend largely upon 
the effective size of the sand, the condition of the bed and the character 
of the sewage applied, particularly with reference to preliminary treat¬ 
ment. One to three doses a day may be successfully applied, but in 
practice it has ordinarily been found advantageous to apply not more 
than one, the quantity being proportioned so as to give the filter ample 
time to recuperate through the admission of air after dosage. In some 
cases it has been found better to dose the filter with twice the quantity 
(»f sewage on alternate days, the filter thus having a much longer time 
to become aerated, but also being in service longer. In some places the 
dosing has been more infrequent than this, rangin^^ from 1 dose in 3 days 
to 1 dose at long and irregular intervals. 

The frequency of dosing also depends upon the capacity of the bed 
and the size of the individual dose. If a heavy dose, such as one 3 in. 
deep, is applied to a bed having a nominal capacity of 30,000 gal. per 
acre, the bed should theoretically be dosed only once in three days. 
In practice, however, the frequency is governed largely by the quantity 
of sewage produced at the time. 

Size, Shape and Grouping of Beds.—^The size, shape and grouping of 
sewage filters are commonly dictated by considerations of topography; 
arrangements for distributing the sewa^ie over the beds and collecting 
the effluent in underdrains; cleaning, testing or repair of beds; economy 
of large units versus small units; and storage of sewage where inter- 
mittency of operation requires. 

In the larger intermittent sand-filtration plants, beds having areas 
from % to 1 acre generally have proved most desirable. In smaller 
plants the size may be much less, to avoid throwing a large proportion 
of the area out of use when cleaning beds and to facilitate dosing without 
storing the sewage too long. 

Except in extremely small plants, beds are rectangular in shape when 
the topography permits. The cost of embankments, which are usually 
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made of the loam stripped from the beds, is so small that it is not often a 
factor to be considered in the determination of the shape. 

The underdrainage system and the means for distribution of sewage 
over the beds are usually of importance in determining the shape. If the 
beds are square, it is practicable to flood them satisfactorily from the 
corners. On the other hand, the distribution of sewage over long beds 
is not so uniform as it is over square beds, unless troughs are used. 
Most operators dislike these structures, because they interfere with 
cleaning operations. 



Fig. 110. —Arrangement of sand filters. North Attleborough, Mass. 

As a general thing, several arrangements of beds, distributing conduits, 
drains and roads are practicable and preliminary studies are needed to 
determine which is best. The cost of the whole installation rather than 
that of one or two beds is the deciding factor, since main drains or main 
carriers may prove unexpectedly expensive, if judged by an examination 
of the needs of only one or two beds. 

The number of units in ^vpral installations of sand filters is given 
in Table 76. The arranffenieht of filters at Framingham, Mass., is 
shown in Fig. 9, at Marlborough, Mass., in Fig. 109 and at North 
Attleborough, Mass., in Fig. 110. 

Banks and Roads. —^For convenience of access and for the removal of 
surface deposits roadways are provided between successive rows of 
filters. For the roadway embankments a top width of about 8 ft. has 
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been found bo be sufficient. The height of the embankment above the 
bed is determined by the fall required for the main sewage distributors, 
which can be laid with shallow cover, however, on account of the warmth 
of the sewage carried by them, 24 in. usually being sufficient cover. The 
side slopes of the embankments are commonly made steep, as a matter of 
economy. Ordinarily a slope of 1:1 can be maintained but 1 vertical on 
\}i horizontal is preferable. The subsoil and loam stripped from the 
surface of the beds are used for the embankments, whirh are grassed 
over to reduce the cost o*^^ maintenance. 

A sloping driveway is generally provided, leading into each filter bed. 
It is often found convenient to group these driveways in such a way as 
to lead from the roadway intr four beds at their adjacent corners. 

Partition banks are made low and narrow, in order to economize 
area. A height of 18 in. with a top width of 2 ft. is generally found 
sufficient. ^ 

Distribution of Sewaqe.—l‘he control of the distribution-pipe system 
depends upon the siz^ of the filter plant and topographic conditions. 
In a large plant the sewage may be applied to the beds in groups, the 
pipe system being controlled by master valves at certain central points, 
each point of discharge of the sewage upon a bed being further regulated 
by a gate upon the lateral. In small filter plants the distribution can 
be most advantageously controlled by operating the gates upon indi¬ 
vidual beds. As previously stated, control may be effected either 
automatically or by hand. 

The distribution mains are usually built of vitrified salt-glazed pipe, 
laid with cement, sulfur, or other type of tight joint, to line and grade, 
like pipe sewers. The distribution-pipe system is often designed on a 
liberal basis, in order to permit of rapid application of doses to individual 
beds. Under some conditions it has proved economical to operate the 
distribution system under a substantial pressure, necessitating cast-iron 
distributors. 

The surface of filter beds is generally made substantially level. There 
is little advantage in sloping the surface under ordinary conditions, for 
if the discharge of sewage on to the bed is rapid, satisfactory distribution 
is obtained with a level bed. The treatment of the surface of the bed 
for the winter is described hereafter, under winter maintenance. 

The following methods of distribution have been successfully used: 

1. Single graduated troughs running nearly the full length of the beds, as 
shown in Figs. 110 and 111. 

2. Radiating or arterial troughs, used particularly for irregular-shaped 
beds, or where more even distribution k to be secured, as with filters dosed 
at a high rate. 

3. Quarter-point distribution, which consists of the discharge of sewage at 
the two quarter points on the long sides of the bed. 
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4. Comer distribution, in which the sewage is discharged on to the bed 
at or near one or more of its four comers, as shown in Figs. 109 and 112. 

5. An outlet, located at the midpoint of one or both of the long sides of 
the bed, which is designed to distribute sewage radially through a number of 
small holes in a semicircular concrete curb. This method, which was used 
for a time at Clinton, Mass., has been abandoned there as unsatisfactory. 

The discharge of sewage at these distribution points is usually con¬ 
trolled in a manhole, from which the distributor branches, by means of a 
shear or sluice gate. Of these the simple shear gate is the cheaper and 
has been found on the whole to give reasonably satisfactory service. 


f 



Fia. 111.—Distribution trough of sand filter at Marlborough, Mass. 

The quantity of sewage distributed along the line of the trough is fixed by moving the 
hinged wickets on the sides of the trough. 


It is desirable to provide headwalls and a paved area at the point of 
discharge of the sewage, to prevent erosion of the surface of the bed, 
as shown in Fig. 112. 

Underdrainage.—Underdrtiins are generally laid true to line and grade. 
The bottom of the bed, 'W'heh. constructed artificially, either is level or 
slopes toward the underdrains. With artificial beds, it is desirable to 
lay the underdrains in trenches below the bottom of the sand, so as to 
make the entire depth of sand effective for filtration and keep the drains 
well below the surface. Commonly the drains have a free outlet, but 
submerged outlets may operate satisfactorily and sometimes trapped 
outlets are advantageous. 
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Vitnfied saltrglazed sewer pipe appears to be most satisfactory for 
underdrains. It is durable and can be cleaned easily* ^. Cement pipe 
has not proved durable in some cases, apparently being attacked by 
acids formed in the beds. Blind drains are not desirable, on account of 
the difficulty of ridding them of deposit and organic growths and because 
they do not afford means for the rapid escape of the effluent. 

In laying the underdrain pipe, the spigot end of the pipe is usually 



Fig. 112.— Outlet at sand-filter bed, Marlborough, Mass. 

The sewage is under a head of 20 ft. at the end of the pipe and the block of concrete was 
placed as shown to break the rush of the sewage. The concrete and stone pavement pre¬ 
vents wash of the sand while the sheet of sew’age is spreading out and losing its high inrtiai 
velocity. 

separated froin the shoulder in the bell by a distance of about in., to 
permit the ready flow of water through the joint into the pipe. The 
authors have found it advantageous to break the upper part of the bell 
off the pipe, leaving the lower portion to assist in maintaining the 
alignment of the pipe, as shown by Fig. 113. The underdrain is then 
surrounded with screened gravel or broken stone of different grades, to 
prevent the sand of the bed from entering and silting up the pipe. 
Two or three grades of gravel are used, obtained by sifting it on 
at least two screens, the first having about 1-in. mesh and the second 
about M-m. mesh. This gives three different grades of material. It is 
desirable to discard stones larger than 2H in* in diameter or thereabouts. 
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In placing this gravel the drain pipe is surrounded by a layer of the 
coarsest material, 3 in. in thickness, which is covered by a 3-in. layer 
of the next grade, and unless the sand of the bed is very coarse, a third 
layer of the finest material is required. The sand of the bed may then 
be placed upon the underdraiu without fear of its passing through. 
In order that the sand may not wash laterally into the underdrains, 
the layers of gravel surround the pipe instead of merely covering it. 

For the purpose of placing the gravel with certainty and rapidity, 
the authors have found the device illustrated in Fig. 113 satisfactory. 
Its cost is insignificant. 

Underdrains are usually laid at depths of 3 to 4 ft. at the upper end, 
on flat slopes with 6 in. in 100 ft. as a minimum. The spacing of the 
underdrains is determined by the effective size and depth of the material 
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Fio. 113.—Method of coiistructiiiR underdrains of sand filters. 


and the shape of the bed. Ordinarily an interval of 40 ft. has been found 
satisfactory, though with sand having an effective size of 0.08 to 0.12 mm. 
it has been found advantageous to decrease this interval to about 30 ft. 

The size and slope of the underdrains are determined by the quantity 
of liquid to be handled and the area of the beds contributing to them. 
A diameter of 4 in. may be considered the minimum; in some cases, 
particularly where deep deposits of sand and gravel are found, no under¬ 
drains are necessary. Some data on underdrains are given in Table 70. 

Opinion is somewhat divided as to the desirability of terminating 
underdrains in risers coming to the surface of the ground for j)urposes of 
aeration and inspection. Where this is done, it is desirable to protect 
the pipe against breakage and admission of sewage. Such risers were so 
troublesome at Worcester that they were removed. 

The underdrainage pipe is connected with a main arterial system of 
underdrains, which may be laid either with tight or with open joints, 
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the size of the pipe depending upon the quantity of water to be handled, 
the minimum diameter usually being 8 in. The outfall into stream or 
open channel may be advantageously provided with a head wall of 
masonry. If the lines of the underdrains themselves are long, manholes 
or lampholes may ))e desirable at convenient intervals. Provision is 
commonly made for sampling the effluent from each bed in small plants 
and from each group of beds in larger ones. 

Clogging and Resting of Beds.—On beginning the use of an inter¬ 
mittent filter bed the surface is smooth and level. For the first few 
days of use uniform distribution of sewage over the entire bed is not 
obtained, for so much sewage penetrates the sand near the distributor 
outlets that the dose is exhausted before it has an opportunity to cover 
the bed. Gradually the surface becomes partially clogged, with marked 
improvement in uniformity of distribution. 

The degree and natur"‘'t t the clogging vary with the character of the 
suspended matter in the sewage applied, as discussed in detail by Eddy 
Aid Fales (5). If it contains a large quantity of coarse material, such 
substances settle and accumulate on the surface of the sand, the coarsest 
in the immediate vicinity of the‘ distributor outlet and the finest at the 
points farthest from such outlet. In other words, the material is more or 
less gradually distributed according to the size of the particles. With 
the lapse of time a surface mat of fibrous material forms, if raw sewage 
is applied. When allowed to dry out between doses, the mat separates 
from the surface of the sand and usually cracks and curls up, the rapidity 
of drying depending upon wind and weather conditions. Such a mat is 
beneficial in preventing the entrance of fine substances into the body 
(>f the bed. On the other hand, it must be removed at frequent iv tervals, 
if the bed is to receive its proportionate quantity of sewage and the 
requisite air. 

The suspended matter in settled sewage, although somewhat fibrous, 
is so finely divided that it penetrates the sand more deeply tnan the 
coarser matters present in raw sewage. The mat formed by the finer 
particles is not strong and heavy and is not effective in preventing more 
finely divided matter from entering the bed. Therefore it is necessary, 
in order to remove the clogging material, to scrape off a substantial 
portion of the surface sand. 

The finely divided silt washed from street surfaces in times of storm, 
if applied to sand filters, is likely to cause serious surface clogging. 
Filters which are in good condition may be clogged by the storm water 
from a single brief shower to such an extent as to require scraping before 
they can be put into operation agaiu. 

Rain has the effect of beating down the surface of the filters, which 
may require raking before they will resume their normal capacity. On 
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the otiier hand, frost has a tendency to open the pores of the beds, 
enabling them to receive sewage much more freely than they did just 
prior to freezing. Beds which are clogged to a considerable degree may 
be made so porous by freezing that their capacity is temporarily 
increased greatly, provided the frost does not go deeper than an inch 
or two. 

In spite of surface cleaning the upper layers of sand store up organic 
matter, which is gradually oxidized by bacterial action, but a certain 
quantity of humus remains and eventually requires removal. 

When a bed is overtaxed or the aeration becomes inadequate, fouling 
begins at the bottom of the bed on account of the lack of air. Such a 
condition may be avoided by careful attention to dosing and care of 
surface, but if it exists, the condition may be improved by throwing 
the bed out of commission and allowing it to dry out, so as to overcome 
the effect of capillarity and become charged with air. Bacterial activity 
continues for a considerable period of time under such conditions, so 
that the period of resting may vary within wide limits without injury. 
If the bed is in extremely bad condition, a period of 4 to 8 weeks may be 
required for its recuperation, while 1 or 2 weeks may suffice to cure less 
serious cases. 

. An example of the effect of this resting period was afforded by the 
filter beds at Hudson, Mass., after they had been overdosed with sewage 
containing a large admixture of wool-scouring wastes. Several acres 
of beds became substantially useless before a plant could be built for 
treating the wastes separately. The clogged beds were allowed to lie 
fallow during the winter, and early in the following summer, when they 
were again put into commission, they were found to have substantially 
recovered their filtering capacity. 

In a few of the larger plants in Massachusetts, the underdrains have 
become clogged by the passage of sand into the gravel surrounding 
them. This clogging has been so serious in filters at Marlborough and 
Natick as to require the relaying of the underdrains. Drains have also 
become clogged in some instances by organic growths. 

Cleaning and Winter Maintenance of Beds.—Where raw sewage is 
applied to sand beds, the heavy mats of sewage solids crack and curl 
up on drying and may be peeled off in this condition or scraped off while 
moist. The mats contain much organic matter and may have a small 
value as fertilizer. 

Clogged beds are sometimes harrowed or plowed, in order to relieve 
clogging. Unless they are carefully cleaned before this is done, the 
solids which have been deposited upon the surface by the sewage will 
become mixed with the sand and thus decrease the capacity of the bed. 
This is a serious pbjection to such a method of relieving a clogged 
condition. 
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When the solids penetrate deeply into the sand, as happens when 
settled sewage is applied to the beds, the clogged surface sand requires 
removal from time to time. This material seems to have little practical 
use and generally i.=? disposed of by filling low-lying land near the plant. 
Washing dirty sand for replacing in the filters is open to the objection 
that the finer sand particles are likely to be lost with the foreign material; 
therefore, the replaced sand is coarser than the original sand and permits 
deeper penetration 6f fine solids and their accumulation as a sealing 
layer at the surface of the undisturbed sand. Addition of new sand to 
make up for the sand removed during cleaning has been resorted to at 
Pittsfield and Framingham, Mass. 

Filters are not generally so efficient in winter as in summer. As in 
the case of all biologically activated processes, warm weather is more 
favorable than cold. In addition there are certain physical obstacles 
to be overcome during . weather. More care is required in dosing 
filters during the wintf :* than at other seasons. Large doses of sewage 
are required to thaw the frost in the sand or to melt the snow on the 
surface of the filter. On the other hand, it is essential that the dose be 
not so large as to freeze to the sand before it can find its way into the 
filter. 

Various methods have been devised for preventing the ice from 
freezing to the sand. One of the most successful of these is to furrow 
the filters for use in winter. The furrows may consist of ridges and 
depressions about 3 ft. on centers and about 10 in. deep. When ice has 
formed on the sewage, the ridges hold it up as the sewage recedes, 
leaving a space between the bottom of the furrow and the ice, through 
which future applications of sewage can flow. This covering of \ce also 
protects the surface of the bed from the extreme cold, preventing serious 
freezing, and serves to keep succeeding snowfalls out of the sewage. 

When sewage is applied to furrowed filters, the suspended matter 
tends to settle to the bottom of the furrows, which afford a much smaller 
area for the distribution of such matter than the level surface of the bed 
at other seasons. Where beds are operated at nearly their maximum 
capacity, especially with sewage containing large quantities of suspended 
matter, the winter clogging may be serious. It is important, therefore, 
to take advantage of any opportunity afforded for winter cleaning. It 
has been found that the mat can be readily raised from the sand if it is 
barely frozen. If, however, it Ls frozen hard, the crust is so thick and 
the quantity of sand clinging to the mat so great that cleaning is 
impracticable. 

Efficiency of Intermittent Sand Filters.—^When sand filters are doing 
their best work, the effluent from the underdrains is clear, substantially 
free from suspended matter and practically odorless. It may remain 
stable indefinitely, as measured by the methylene blue test. 
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The efficiency of various sand filters in Massachusetts is shown in 
Table 75 (6). These results are for the most part yearly averages of 
monthly samples. It will be seen that there is considerable difference 
in the quality of the sewage applied as well as in the effluents. It is 
probable that most of the analyses of applied sewage represent 
the stronger day sewage. Filtration does not affect the quantity 
of chlorides, so that the chloride results may be used to deter¬ 
mine whether the effluent probably corresponds to the sewage analyzed. 
It will be seen that there are wide discrepancies and these should be taken 



Fig. 114.—Effect of temperature on results of intcrmittemt filtration. 


into account when studying the results. In some cases the effluent 
has doubtless been diluted with ground water. These results are not 
given with a view to comparing the relative efficiencies of different 
plants, as other conditions must be tak^n into consideration, particu¬ 
larly the character and quantity of sewage applied. The results do 
show in a general way, however, the purification accomplished in practice. 

The efficiency of sewage filters in a northern climate is not so great 
during the winter months as during the remainder of the year. Bacterial 
activity is reduced by fall in temperature. The large and irregular 
doses applied to the filters, in order to keep them thawed out and to 
obtain the best results during the cold weather, are not favorable to a 
high degree of purification. The important influence of the seasons upon 
the quantities of nitrates and free ammonia in the effluent from a sand- 
filter plant is shown in Fig. 114, based upon averages of 229 analyses 
of the effluent from 33 filter beds. 






Table 76. —Efficiency of Sand Filters in Massachusetts 
Results of Analyses in P.P.M. 
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Table 76.—Comparison of Intermittent Sand Filters 
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1 Average quantity oi secondary tank ^uent filtered, 1923. 

2 Three filter beds woe provide in design, hut one is used for treating sludge-bed effluent. 
On baaia of 100 gal. ca{Hta daily. 
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Odon from Intermittent Sand Filters. —Opinions differ widely as to 
the odor coming from sewage filter beds. A characteristic sewage odor 
can be detected in their vicinity, particularly on wet deys. The 
distance to which this odor is carried varies with conditions of wind and 
weather, as well as of the filter beds themselves. In some cases no 
objection has been raised from residents within 600 ft., more or less, 
of the filtering area, but it is probably desirable to keep beds, which 
receive raw or settled sewage, upward of one quarter of a mile away 
from any substantial settlement and the larger the area in use the more 
desirable is it that the beds lie at a considerable distance. 

Statistics of Intermittent Sand Filters.—Statistics of a number of 
American installations of sand lilters are given in Table 76. 

Cost of Construction, Operation and Maintenance of Intermittent 
Sand Filters.—The cost of construction of intermittent sand filters 
depends upon whether or not suitable filtering material is found in place 
and, if sand must be obtja tried from a borrow pit, upon the length of haul 
and the degree of preparation required, such as screening and washing. 
Additional factors are the extent of preparation of site including strip¬ 
ping of top soil and excavation and fill tor leveling, and the underdrainage 
system required. The cost, exclusive of engineering and land, com¬ 
monly varies from $5000 to $15,000 an acre. The cost of 8 acres of beds 
constructed in 1924 at Framingham, Mass., including a dosing tank, was 
$70,800, or about $8850 an acre. These filters are composed of sand 
found in place or transferred from high points to fill in low points. 
Since the construction of these beds it has been deemed necessary to 
excavate a portion of the filtering material and replace it with more 
suitable sand, at a cost of $4000 an acre. The cost of constr’icting 
2.8 acres of beds at Concord, Mass., in 1929, was $10,800, or $5500 an 
acre. The sand was found in situ and underdrains were not required. 

The operation of intermittent sand filter beds usually involves 
removing accumulations of sewage solids, renewal of sand, renewal and 
repair of underdrains, regulation of flow to the beds and upkeep of 
embankments and grounds. Operating costs vary from $150 to $500 
annually per acre of filter, from $10 to $40 per mil. gal. of sewage treated 
and from $0.30 to $1.50 yearly per capita served. Common values 
are $300 an acre annually, $15 per mil. gal. and $0.50 a year per capita. 
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CHAPTER XIX 


CONTACT BEDS 

Another method of oxidizing the organic matter in sewage is treatment 
of the sewage in contact beds. A contact bed, or contact filter, is an 
artificial bed of coarse material, such as broken stone or clinkers, in a 
watertight basin provided with a controlled inlet and outlet. It is 
operated in cycles of filling with sewage, standing full in contact, 
emptying and resting empty, in order to remove some of the suspended 
matter from the sewage as well as oxidizing organic matter by bio¬ 
chemical agencies. Most of the plants in this country which employ 
contact beds as the only means of oxidation treatment have tributary 
populations of less than 5000. At several larger plants where contact 
beds were installed, these beds have been replaced by other forms of 
treatment, in which it is possible to secure a higher rate of operation 
and degree of purification. 

Chaxacteristics of Contact Beds.—The broken stone, clinker or similar 
inert material with which contact beds are filled is sometimes called 

AuiomaHc 


Dosing Auiomafio 

Apparafu4t Draining 



** ballast,'^ this being the UBv;id term in England. Sewage is commonly 
applied to the bed from above, the outlet from the bed being kept closed. 
The sewage fills the voids in the contact medium and is permitted to 
remain in contact with it for a short time. The bed is then drained 
and allowed to rest^ the voids in turn being filled with air drawn in by 
the receding sewage. The cycle is then repeated. As shown in Fig. 115, 
contact beds may be built in s^ee, the effluent from the first or primary 
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bed passing to a secondary bed. This is called double contact Triple 
contact has also been used. In double contact, the secondary beds 
can usually treat a somewhat greater quantity of sewage per acre than 
the primary beds, with satisfactory results. Triple contact generally 
requires so much head for operation that it becomes uneconomical. 

The medium in new contact beds contains voids equal to 40 to 50 per 
cent of its volume. In the course of a few years, however, the voids 
generally become filled with sewage solids, which are humus-like in char¬ 
acter, and the contact material must then be removed and either cleaned 
and replaced or renewed. If relatively coarse ballast is employed, 
the beds may "'unload,” much as trickling filters do, and final settling 
is then required. 

Contact beds generally provide less opportunity for the dissemination 
of odors than do intermittent sand filters or trickling filters, as the 
sewage is not sprayed u^ybii the beds and need not be exposed to the 
o^en air. In general, if the sewage reaches the beds in a relatively fresh 
condition and if the filters are well operated, the odors should not be 
intense or especially offensive. In contrast with many trickling filters, 
contact beds are practically free from flies. 

Preliminary and Final Treatment.—In the operation of contact beds 
both raw and settled sewages have been applied. To avoid rapid 
clogging, however, preliminary treatment in sedimentation tanks is 
usually provided. 

The effluent from fine-grained contact beds may be clear and stable, 
so that no final treatment is required. The effluents from coarse¬ 
grained contact beds, however, usually contain considerable quantities 
of suspended solids, as the beds unload from time to time, although not 
to the same extent as trickling filters. Final sedimentation is therefore 
generally required when the average size of material exceeds 1 in. 
Where a high degree of purification is required, the effluent of contact 
beds may be passed on to intermittent sand filters, as at Morristown 
and Boonton, N, J. High rates of sand-bed dosing are employed in 
such cases. 

Selection of Filtering Material.—Many different materials have 
been used as media in contact beds, including crushed stone, pebbles, 
blast-furnace slag, cinders, coke, coal, broken brick and waste from 
potteries. A detailed discussion of filter media is given in Chap. XXII, 
in connection with trickling filters. Crushed stone, clinkers and coke 
are most commonly used. Coke is so light that it tends to float when 
the bed is filled, causing more or . less disintegration with each such 
movement. 

The Royal Commission on Sewage Disposal (1) has indicated British 
experience with the size of ballast and corresponding permissible loadings 
for contact beds to be as follows: ‘ 
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Type of sewage 

Suspended 
solids, p.p.m. 

Size of 
ballast 

Crude. 

400 

3 in., upward 
H-H in. 

H in. 

Septic tank effluent. 

80-100 

Chemical precipitation effluent.. 

10-30 


Another point affecting the choice of the contact material is the 
effect of the size on the clogging of the bed. Beds constructed of 
materials of the sizes recommended by the Royal Commission have 
often become so clogged that the media had to be removed, washed 
and replaced after 3 to 5 years^ use. This is an expensive operation. 
There is some evidence that if contact material not smaller than 1 in. 
in size is used and the management of the beds is good, serious clogging 
of the beds can be avoided. 

It is questionable, however, whether the average results obtained 
with such coarse beds are as good as those secured with the finer beds, 
unless a much greater quantity of contact material is used, so as to 
provide adequate area of gelatinous surface to effect the desired changes 
in the applied liquid. Furthermore, in the case of such coarse beds, 
the underdrainage system may require more expensive construction 
than is necessary with beds of finer material. The effluent may contain 
such a large quantity of suspended organic matter at times that settling 
tanlw are needed for its removal, as is the case with the effluents from 
trickling filters. Some contact beds are covered to a depth of 6 in. 
with white pebbles or other clean material, which is not dosed with 
sewage and presents a pleasing appearance. Where double contact is 
employed, the primary bed is often constructed of coarse material, 
3 or 4 in. in diameter, and the secondary bed of fine material. 

Data relative to the size and type of materials used at various Ameri¬ 
can plants are given in Table 78. 

Depth of Bed.—The method of drainage, the maintenance of beds in 
good condition and the restriction of area occupied are the chief factors 
to be considered, besides available hefid, in choosing the depth of contact 
filters. Beds are commonly made 4 to 6 ft. deep. 

The sewage which stands in the underdrainage system while the bed 
is full is not oxidized so weU a6 that in the main body of the bed, where 
the smaller size of the stones affords a much greater area of gelatinous 
film per cubic yard of material. Ordinarily the depth of underdrainage 
system is at least 6 in. It seems undesirable to have this least efficient 
part of the bed occupy more than one fifth of the whole depth and for 
this reason the Royal Commission suggested 2)4 ft. as the minimum 
allowable depth o| bed. 
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Deep beds place considerable weight on the material in the lower 
part, which may lead to its disintegration, if friable material is used. 
Furthermore, when washing becomes necessary, it is much more difficult 
to remove and handle the material from deep beds than from shallow 
ones and the danger of breaking it is increased. For this reason the 
Royal Commission suggested that 6 ft. was probably the maximum 
limit of depth. Experiments at Lawrence, Mass., indicated that the 
depth had little effect on the biological activity of contact beds (2). 

The depths of various contact beds are given in Table 18. 

Dosing Cycle and Filter Loading.—Dosing schedules for contact beds 
vary according to the design and the rate of sewage flow, the time of 
resting depending upon the number of fillings per day. The following 
schedule illustrates a dosing cycle with two fillings per day: 


Hours 


Tiine of filling.... 2.0 

Time of contact... 2.0 

Time of emptying. 2.0 

Time of resting. 6.0 

Time of cycle. 12.0 


The cycle actually employed, however, is determined by experience 
in operating under the conditions encountered at the particular plant. 
If computations are based upon the water capacity of the bed after it 
has been in operation for a considerable period of time, when the void 
space may have been reduced to about 20 per cent, the volume of sewage 
which can be treated by a bed 4 ft. deep and H acre in area will be 
4 X >2 X 43,560 X 7.48 X 0.20 = 130,000 gal. per cycle, or 620,000 
gal. an acre daily if the beds are filled twice daily. If allowance is 
made for a rest of 1 or 2 days in 5 or 6 weeks, the capacity is reduced 
to about 500,000 gal. an acre daily. 

It is difficult to determine the most suitable number of fillings per day 
in advance of actual experience with a plant, for this depends upon 
the quality and strength of the sewage, the quantity and character of 
its suspended matter, the size and character of the contact medium, 
the extent to which the medium is clogged and the character of the 
effluent desired. The stronger the sewage and the greater the quantity 
of suspended matter in it, the smaller is the quantity which the contact 
bed can convert into an effluent of good quality. A fine contact material 
cannot treat as great a quantity as can material of medium or coarse 
size, although for a time at least th^ quality of the effluent produced 
may be decidedly better. Clogging the interstices of the ballast 
results in a loss of capacity, for it becomes necessary to operate the bed 
with small quantities of sewage and allow long periods of rest. 
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Generally it is considered that the most important biological action 
upon the organic matter takes place while the bed is standing empty 
and that this period should be made as long as possible, the necessary 
time for filling, standing full, and draining being taken into account. 
British experience has indicated that 4 hr. of rest are enough for average 
conditions, but this statement applies only to matured beds and does 
not take into account any periods of complete rest for a day or more, 
when the ballast has become unusually clogged. 

As filling and draining have no biological significance, it is generally 
held that the more quickly they take place the better, so long as the 
movement of the liquid is not sufficiently rapid to disturb the material 
in the bed or the film adhering to it. 

If the period of standing full is too long, appreciable anaerobic decom¬ 
position may take place. In some cases Clark and Gage (2) found no 
marked difference when the period of contact varied from 0 to 5 hr., but, 
on the whole, periods exceeding 2 hr. gave inferior effluents. Johnson 
found at Columbus, Ohio, that even 1 hr. was too long a period to give 
the best results. The Royal Commission on Sewage Disposal stated 
in its Fifth Report that 2 hours^ contact generally gave the best results 
in the practical operation of contact beds but added that no rule of 
general applicability could be laid down. 

The method of operating contact beds is such that they can be loaded 
in direct proportion to their depth. Their activity does not change 
with depth so long as they are in good working condition. 

Under average conditions the following rates of treatment on contact 
beds are commonly employed: 


Gallons per acre-foot daily. 75,000-200,000 

Persons per acre-foot. 750-2000 



4-ft. bed, single 
contact 

4-ft. beds, double 
contact 

Gal. per acre daily. 

400,000-800,000 

62-124 

4,000-8,000 

0.62-1.24 

300,000-500,000 

47-78 

3,000-5,000 

0.47-0.78 

Gal. per cu. vd. daily. 

Persons per acre. 

Persons per cu. yd. 



The loadings on contact beds at a number of American plants are 
given in Table 18. 

Advisability of Automatic Control.—The dosing cycles of contact 
beds are controlled mdily either by hand or by automatic dosing 
apparatus, which may be supplied for flooding the beds and emptying 
them after a definite period of i:^ntact has elapsed. Owing to the facts 
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that both quantity and quality of sewage vary greatly from hour to 
hour and from day to day and that capacity and efficiency of contact 
beds change from time to time, in a small plant with three to five beds, 
automatically controlled, it is possible that the same bed may receive 
day after day the strong sewage of the day time, while the other beds, 
receiving weaker sewage, are called upon to do less work. In most 
oases, however, the fluctuations in flow from day to day ^’-ause more or 
less change in the hourly cycle and, under such conditions, the use of 
automatic apparatus for dosing tends to promote better work on the 
part of the beds and less expense for caretakers than the operation of 
the control gates by manual labor. In large plants the complication of 
the apparatus is so great and the beds vary so much in their capabilities 
that better results can usually be obtained by the intelligent operation 
of gates by manual labor than by automatic dosing apparatus. 

Various types of autoT*'alic dosing apparatus are described in Chap. 
XXIII. 

Size, Shape and Grouping of Beds.—The size of the units is more 
important with contact beds than with most other methods of treat¬ 
ment, since it governs the time required for filling and draining the beds. 
At Manchester, England, with a sewage flow of about 86,000,000 gal. 
daily, the individual beds were made H acre in area. 

The beds at Mansfield, Ohio, designed by Barbour, are laid out in 
the form of a circle, each of the H-acre beds forming a sector separated 
from the next by earth embankments. The four beds at Washington, 
N. J., are each 43 ft. square. At Bordentown, N. J., there are eight 
beds, each 80 by 50 ft. The eight beds at* Boonton, N. J., are each 
105.5 ft. square. At Auburn, N. Y., four beds are provided J each 144 by 
132 ft. The beds at Bellefontaine, Ohio, consist of a concrete tank, 
200 by 240 ft. in plan, divided into four compartments by diagonal 
division walls. At Morristown, N. J., each of the five contact beds 
has an area of M acre and all combined form a pentagon. Each bed 
is a triangle, the equal sides being about 148 ft. long. 

Distribution of Sewage.—The chief aim in the design of the distribu¬ 
tion system for contact beds is to fill the beds without disturbing the 
deposits in the filters and the bacterial films on the contact surfaces. 
Small beds are sometimes filled from one or more openings in the sides 
i»r corners; this is known as lateral filling. Larger beds are more com¬ 
monly provided with troughs running over the surface or with pipes 
laid about a foot beneath the surface. The distributing system may 
radiate from one corner or may consist of a main carrier from which 
laterals branch off like the arteries of a leaf. Troughs are generally 
provided with side outlets and pipes are usually laid with open, joints. 
Subsurface distribution avoids unsightliness of the bed surface and 
sewage odors. Filling from the bottom through the underdrains has 
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been employed but is open to the objection that the sewage remaining 
in the underdrains is not subjected to contact treatment. At Man¬ 
chester, England, open-bottom troughs partly filled with fine material, 
through which the sewage is screened, have been employed. In some 
American plants clogging has been reduced by replacing 6 to 12 in. of 
ballast at one corner of the bed with fine cinders and constructing a low 
bank of cinders around this area. Sewage is applied at this corner 
and is filtered through the cinders before filling the bed. The clogged 
cinders are raked off from time to time. 

Sewage is delivered to the beds at Bellefontaine, Ohio, through the 
underdrainage system. Settled sewage is applied to the top of each 
bed at Morristown, N. J., through distributing troughs laid on the 
surface of the bed. The distribution system at Auburn, N. Y., consists 
of 12-in. tile main feeders, laid diagonally across the bed, and 8-in. 
laterals extending parallel to the side walls. The pipes are laid with 
open joints just beneath the surface. 

XJnderdrainage. —In general, concrete has been employed in this 
country for the walls and bottoms of contact beds. Ordinarily such 
beds have pipe underdraiiis laid in large stones, making an iinderdrainage 
system at least 6 in. deep. Better drainage is afforded, however, by a 
floor system similar to those now used in trickling filters. At Mansfield, 
Ohio, the beds are underdrained by open-joint tile, laid in depressions 
about 6 in. deep and covered to a depth of 4 to 9 in. with cinders to 
14^ in. in size. At Bellefontaine, Ohio, lines of 6- and 8-in. tile, spaced 
10 ft. on centers, form the drainage system. Between the tiles and 
extending up to the top of them, broken stone 2 to 3 in. in size affords a 
rough, lateral collector system. At Morristown, N. J., the floor of each 
bed is covered with parallel rows of 6-in. split-tile pipe, laid close together 
on edge and discharging from either side into concrete drainage channels. 

Maturing of Beds.—^As is the case with other types of filters, contact 
'beds are less effective in producing a good effluent when they are first 
placed in operation than after they have matured. The reason for 
this is that purification depends upon the changes that take place at 
the jelly-sewage interface and upon th^ activities of bacteria and other 
organisms living in the zoogloeal film which covers the filtering medium. 
Time elapses before favorable conditions are established and the bed 
has become broken in,'" mature'' or "‘ripe.^^ The period required 
varies with the season of the year from a few weeks in warm weather to 
several months during the cooler seasons. 

Clogging of Beds. —Contact beds are more or less subject to clogging. 
This reduces their capacity and impairs the quality of the effluent. 
If the contact medium is coarse and some unloading takes place, the 
beds may not clog for years. Clogging may occur, however, at any 
depth and may r^uir'e complete removal of the medium for cleaning. 
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Clogging of contact beds may proceed until the voids are completely 
filled, 4 or 5 years being a common length of service, or it may stop 
after the bed has matured. Contact b»)ds which have become clogged 
after several years of operation are cleaned by removing the medium, 
washing it by hand or in machines, often similar to concrete mixers, 
regrading it and replacing the clean material in the beds. Temporarily 
overloaded beds recuperate during resting periods of \arying lengths, 
depending upon the circumstances. 

Treatment of Different Sewages.—CUark and Gage (2) have found 
that any advantage from the treatment of sewage in septic tanks before 
application to contact bods is largely mechanical, i.c., the clogging by 
suspended matter is largely r^^duced and a considerable load is removed 
from the bed in that these suspended matters do not have to be taken 
care of by biological proeesscs. They have found it impossible to 
obtain a satisfactory e^T'uud when strong septic vsewage is applied, but 
when the sewage is h st thoroughlj'^ aerated, satisfactory nitrification 
tbllow's. At Boontoh, N. J., provision is made for utilizing a 30-ft. 
available head between settling tanks and contact beds to secure 
aeration of the settled sewage, by means of aerator manholes. 

Efficiency of Contact Beds.- The degree of purification effected by 
contact filters varies greatly with the many factors that influence their 
operation. In general, it may be said that 85 to 90 per cent of the 
suspended matter, 60 to 80 per cent of the organic matter and 50 to 
75 per cent of the bacteria are removed. Where a high percentage 
removal of suspended matter is desired with coarse-grained beds, 
the effluent is generally subjected to final sedimentation. The effluent 
from fine-grained contact beds is fairly clear and stable. 

The results of analyses of samples collected at Alliance and Canton,* 
Ohio, by the United States Public Health Service during a study of 
American sewage-treatment plants are shown in Table 77 (3). The 
samples collected at Alliance covered a period of 14 days, while those 
at Canton covered 10 days. 

Statistics of Contact Beds.—Statistics of contact beds at a number of 
American municipalities are given in Table 78. The plant at Boonton, 
N. J., is the only really modern plant, the others being twenty years or 
more old. Plans were prepared for an activa\>ed-sludge plant at 
Boonton, but the location of such a plant on this site was opposed 
by interested parties and, to avoid an injunction, the contact-bed, sand- 
filter plant was adopted as being acceptable to the opponents of the 
activated-sludge process. 

Cost of Construction, Operation and Maintenance of Contact Beds. 

Contact beds are of similar construction to trickling filters, except that 
they are not usually so deep. The cost per acre-foot is somewhat 
greater for contact beds than for trickling filters, as the cost of the floor 
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Table 78.—Comparison of Contact Beds 
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) The Ansonia dosing apparatus consists of a set of flap valves, actuated by a float, as explained in Chap. XXIII. 
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system is not divided into so many feet of depth. The load per unit 
of area and depth is less for contact beds than for trickling filters, 
making correspondingly greater the unit cost per mil. gal. daily of 
sew^e treated and per capita served. 

Bieinents entering into the operating cost of contact beds include 
p^odical cleaning or renewal of the contact medium and control of 
the sewage flow, including regulation of the dosing cycle. 

Bibliography 

1. Fifth Kept., Royal Comm, on Sewage Disposal, 1908. 

2. Ann. Rept., Mass. State Board of Health, 1908. 

3. Pub, Health Bull. 132, U. S. Pub. Health Service, 1923. 



(^HAPTKH XX 


CONTACT AERATORS 


A relatively new device for the treatment of sewage by oxidation 
is the contact aerator. This consists of a crate holding broken stone, 
coke, brushwood or some' other medium, which is placed in a single- or 
two-story sedimentation tanK. Compressed air is usually introduced 
at the bottom of the aerator, causing a circulation of the sewage through 
it. 



( 6 ) 

Flo. 116.—Sections of contact aerators, a, Built into single-story tank; 6, built 
into two-story tank. 


Characteristics of Contact Aerators.—Figure 116 illustrates the 
method of building contact aerators in both single- and two-story tanks. 
First suggested by Buswell, these devices occupy a position, with 
respect to physical conditions, more or less intermediate between 


sewage filters, especially trickling filters, and activated-sludge 
tanks. Tmhoff (1) classifies them as contact beds which operate 
while continuously submerged in sewage, aerobic conditions gen¬ 


erally being maintained by blowing air through the contact material. 


The air, when used, performs the,further function of maintaining 
circulation in the units. As developed in Germany, complete 
treatment of the sewage is secured by arranging the units in two or three 
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stages, the first stage alone being employed when only partial treatment 
is to be secured and further oxidation is to take place in activated-sludge 
tanks or trickling filters. The three stages may be compared with 
the three zones of self-purification observed in polluted streams— 
^lysaprobic, mesosaprobic and oligosaprobic. This comparison, is 
based upon the nature of the organisms developing upon the contact 
material and the changes brought about in the sewage treated. Differ¬ 
entiation from other treatment methods is particularly marked in the 
first stage, in which sewage fungi predominate and the high-molecular, 
organic dissolved and colloidal substances are converted into simpler 
organic substances but not into mineral matter. These intermediate 
products of decomposition are thrown out of solution by the life processes 
of the organisms and to a large extent are changed into living cell matter. 
It is therefore desirable to remove growths more or less continuously, 
together with such suspended matter as settles on the contact surfaces. 
Since aerators seem best fitted for the removal of dissolved and colloidal 
substances from sewage, they are commonly made to follow presedimen¬ 
tation tanks. The growths and solids flushed from them are caught in 
final-settling tanks. As shown in Fig. 116, presedimentation and 
final clarification may be secured by building the units into the central 
flowing-through compartment of two-story tanks. On the other hand, 
separate sedimentation tanks may be provided. Where more than 
one stage is employed, settling units are interposed between the succes¬ 
sive aerators. 

Circulation of the sewage through the contact material is important 
and is obtained by confining the contact material in boxes, open at top 
and bottom, which do not occupy the entire width of the tank. Air, 
blown into the boxes from below, drives the sewage through them and 
sets up a return current in the space between the boxes and the sides 
of the tanks. The sewage circulates not once but many times. 

The first stage of treatment is commonly accomplished in to 1 hr., 
while complete treatment requires about 4 hr. 

Elements of Design.—Some of the design characteristics of German 
contact aerators, as given by Mahr and Sierp (2), are shown in Table 79. 

German experience with one-stage units, as given by Mahr and Sierp 
(2) and by Imhoff (1), may be summarized as follows: 


Presedimentation period. to 1 hr. 

Dimensions of contact units: 

Width of boxes. Less thad' 5 ft. 

Effective depth of boxes. 2 to 10 ft. 

Length of boxes. About 10 ft. 

Capacity of all boxes in terms of detention period.... 10 to 80 min. 

Depth of top of box below sewage level. 2 to 3 in. 

Width of space between boxes and between walls and 
boxes.'.i......0.6 to I ft. 
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Air supply: 

Per gallon of sewage.0.13 to 0.4 cu. ft. 

Per square foot of horizontal box area per minute.... 0.1 to 0.8 eu. ft. 

Final-sedimentation period. to 1 hr. 

Required increase in sludge-digestion capacity. 10 per cent 


Table 79.— Design and Operating '^hiARACTEuisTics of T'ertain German 
Contact Aerators 



Hagea 

Velbert 

Hlanken- 

stein 

Menden 

Kate of sewaffe flow, gal. per dayi. 

683,000 

1,140,000 

160,000 

1,140,000 

Character of sewage. 

Domestic 

Domestic 

Septic, 

strong 

Strong, 

domestic 

Contact units: 





Surface area, hq. ft. 

264 

700 

240 

515 

Effective depth, ft. 

2.5 

1 • 4.8 

4.9 

8.5 

t Total volume, cu. ft. 1 . 

650 

3,400 

1,180 

4,400 

Contact period, min. 

10 

32 

80 

40 

\ir supply: 





Cu. ft. per gal. 

0.44 

0.10 

0.28 

0.33 

Cu, ft. per »q. ft. per min. 

0,8 

0.2 

0.13 

0,5 

Method of distribution. 

Swinging 

Swinging 

Pipe 

Swinging 


pipe 

pipe 

grid 

pipe 

.\verage operating results, p.p.m.: 





Oxygen consumed, influent.1 

i 244 

269 

302 

341 

effluent. 

184 

163 

194 

141 

per cent reduction. 

25 

39 

36 

59 

U.O.D., influent. 

134 

219 

362 

240 

effluent. 

97 

139 

228 

74 

per cent reduction. 

28 

37 

37 

1 69 

Ammonia N , influent. 

33 

44 

53 

i 45 

effluent. 

29 

33 

49 

28 

Organic N , influent. 

21 

28 

17 

25 

effluent. 

11 

23 

11 

7 


> Day flow. 


Contact Material.—Experiments by Buswell (3) have indicated that 
veneer strips woven into mats^ which are fastened into a frame with 
any desired spacing, prove more practical than laths, brushwood, strings 
of cotton or hemp, copper gauze or galvanized iron gauze. It has been 
found that irregular material like coke becomes clogged. Strips of 
veneer, 1 in. wide, He thick and 72 in. long, were used in experiments 
carried on by the Illinois State Water Survey and were found satis¬ 
factory (4). The construction of the mats is shown in Fig. 117. Lath 
was found to be a satisfactory medium but was more bulky than the 
veneer mats. The latter are lighter and can be handled more easily. 
Furthermore, they become water-soaked more quickly and do not hav( 
to be weighted down. Laths are laid in a horizontal position but art- 
tilted, edge upward, so as to reduce the surface area upop which the 
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sludge may settle. Veneer mats are placed in a vertical position, 
to in. apart. 

Aeration. —^BuswelFs experiments have shown the need of maintaining 

aerobic conditions in contact 
aerators. The importance of the 
I circulation of the sewage many 
times through the racks has been 
stressed. 

Air distribution by means of a 
perforated pipe, swinging from 
side to side like a pendulum, is 
held to be most satisfactory. A 
^ ^ stationary pipe grid may be sub- 

for contact aerator. stituted, especially when industrial 

wastes, such as wool-scouring 
wastes, require large volumes of air. The pipes are generally 
2 in. in diameter, with perforations on the bottom side % to 
in. in diameter and spaced 6 in. apart, giving a combined area 20 to 
50 per cent greater than the cross section of the pipe. The pipes swing 



Fig. 118.—General arrangement of mechanism for cleaning contact aerators by 

agit«atiofi. 


back and forth two to six times a minute. The swinging pi[)es are 
attached to the air mains by short sections of rubber hose, a valve being 
provided to control the flow. The tank bottom is curved to fit the 
arc of the swinging pipe, a clearance of 2 in. bping allowed. Sludge 
deposits are flushed out by th4 air currents. 
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Box widths are limited to ensure continuous upward movement of 
the sewage. Depths are made as great as possible to economize air, 
the supply per square foot being perhaps more important than the 
supply per gallon, since circulation is an all-important factor. 

Cleaning Contact Medium.—In order to make the contact aerators 
effective, it is necessary to remove the accumulated matter at frequent 
intervals. This may be done either by flushing out the aerators with 
increased quantities of air intermittently or by agitation The former 
scheme may be carried out by shutting off the air from all but one unit 
at a time, perhaps once a day. 

For agitation, Buswell (•>) suggests a scheme to raise and lower the 
racks a distance of about 4 in. vertically. The mechanism, illustrated 
in Fig. 118, consists of a motor operating through a worm reduction gear, 
revolving a shaft with r«id connections to bell cranks, so connected as to 
raise and lower the racl... 

Operating Results.--Experiments by Shive (4) in 1924 to 1926 
indicated that subiiicrged surfaces, w’hen used in a ratio of surface to 
volume of 20 or more to 1, would remove per cent of the noiisettleable 
or colloidal organic matter from domestic sewage, provided that the 
accumulated matter was cleaned from the surfaces at frequent intervals 
and that aerobic conditions were maintained. They also showed that 
bioprecipitation occurred even though the oxygen supply was low. 

The results of subsequent experiments, as summarized by Ihiswell 
and Pearson (3), are given in Table 80, showing 41 per cent decrease 
in the biochemical oxygen demand. If the decrease in B.O.D, due to 
plain sedimentation is considered as 30 per cent, the submerged contact 

Table 80. —Data on Operation of Lath ("ontact Aerator i>y Illinois 
State Water Survey 


Volume of tank . 2,040 gal. 

Temperature. 12-15°C. 

Sewage flow, g.p.m.: 

Median. 13.6 

Maximum. 16 

Minimum. 9.4 

Detention period. 2 hr. 


Composite Samples, Jan. 14 to Apr. 19, 1927 



Influent, 

p.p.m. 

Effluent, 

p.p.m. 

Per cent 
removal 

Settling solids.. 

101.4 

49.2 

51.4 

Oxygen consumed. 

53.6 

39.6 

26.4 


112 

65.6 

41.2 
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aerators may be said to have increased the efficiency of the installation 
by 30 per ceift. 

Further experiments have confirmed previous observations that 
the purification obtained by this process is 30 to 50 per cent greater 
than can be obtained by plain sedimentation for a corresponding 
detention period. 

Tests of contact aerators, operated with presediinentation and final 
clarification, as employed in Germany for partial treatment of sewage, 
are reported by Mahr and Sierp (2). Table 79 gives some of the 
German findings. The data indicate reductions in organic matter 
similar to those obtained in the United States by sedimentation alone. 
Overloading, while producing a poorer effluent, it is stated, does not 
otherwise affect the working of the process. This is claimed as a distinct 
advantage over other biological treatment methods. Contact aerators, 
furthermore, are said to be relatively tolerant to toxic substances and 
have been employed successfully in treating phenolic and wool-scouring 
wastes. 

Examples of Contact Aerators: Jacksonville, Tex .—Submerged 
contact aerators have been in continuous operation at Jacksonville, 
Tex., since Sept. 7, 1927 (5). The sewage passes first through a grit 
chamber, coarse bar ra(!ks and a preliminary-sedimentation tank 
having a detention period of I hr. The effluent from the preliminary- 
sedimentation tank enters a brushwood contact aerator, illustrated in 
Fig. 119. After aeration for 1 hr., a short sedimentation period is 
provided, the sludge being discharged into a separate sludge-digestion 
tank, which also receives the primary-sludge solids. The effluent 
from the secondary settling tank passes over a step aerator into a dosing 
tank, where it is chlorinated and then distributed upon a coarse-grained 
trickling filter. The filter effluent is settled in an Tmhoff tank and the 
tank effluent passes down an aerator of 12 steps into a small stream. 

The contact aerator consists of a reinforced-concrete tank with 
filtros plates in precast containers laid side by side on the floor. The 
plate area is one third that of the water f urface of the tank. Brushwood 
is supported on a monel-metal hammock over the air-diffuser plates. 
Compressed air is introduced through the plates and distributed evenly 
throughout the brushwood medium. Air is compressed by a positive- 
pressure blower and introduced under a head of lb. per square inch. 
The quantity of air delivered'is equal to 0.25 cu. ft. per gallon of sewage 
and requires 33^ hp. The iDrushwood is laid in layers, some being 
parallel to the flow of sewage and some perpendicular to it. The [Jant 
was designed for a flow of 400,000 gal. a day. 

Experience during a yearns jopuration led to these conclusions by 
Thacicwell (5): 
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Fig. 119. —Contact aerator, secondary settling tank and dosing tank at Jacksonville, Tex. 
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The value of the aerator as a treating unit is about equal to that of a small 
contact bed and it has about one fourth the effectiveness of a trickling filter 
under normal rates. 

There is a rise in pH from 7.1 to 7.6 and the dissolved oxygen is increased 
from zero to 0.5 p.p.m. 

From my experience I should say that the value of contact aeration would 
only be one where partial treatment is desirable. As a forerunner of trick¬ 
ling filters, I should prefer a coarse¬ 
grained roughing filter, provided 
sufficient head were available. 
Straight activated sludge of twenty- 
minute aeration period would be 
just as satisfactory for a preliminary 
treatment. 

Brighton Plant, Rochester, AT.* Y. 
A contact aerator was constructed 
in one of the Imhoff tanks at 
■Floor the Brighton treatment plant, 
Rochester, N. Y., in the hope that 
its operation would enable the 
trickling filters to operate at in¬ 
creased rates and thereby would 
postpone additions to the filters. 
The aerator was placed in opera¬ 
tion in August, 1928, and regular 
operating records were kept and 
tests were run to determine its 
efficiency (6). 

The contact aerator occupied 
Stciion central portion of the sedi- 

Fio. 120. —Contact aerator in Imhoff mentation compartment of an 
tank at Brighton treatment plant, Imhoff tank. It Was 24 ft. square 
Rochester, N. Y. . , • j.i_ r n -ji.!. 

m i»lan, occupying the full width 

of the sedimentation compartment, ; and was symmetrical about 
the transverse axis of the tank. It had a maximum depth of 
11 ft. and a minimum depth of 9 ft., its base resting upon the two ridges 
of the partition which separates the sedimentation compartment from 
the digestion chamber, as shpym in Fig. 120. 

The aerator was formed by obnstructing two wooden partitions across 
the sedimentation compartment, 24 ft. apart, and building between 
these partitions a floor consisting of 2 by 4 pine joists set on edge with 
K-in. slots between. The air-supply piping was laid on top of this 
flooring and the compartment thus formed was filled with selected coke 
of 1-in. size. Since the coke sjiowed a tendency to float, probably bn 



Air Pipe' 
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account of the disturbance created by the rising air, wire mesh covered 
with about 2 in. of broken stone was placed over the surface of the coke 
to hold it in place. 

To prevent the passage of sewage through the open space between the 
bottom of the contact aerator and the partition separating the sedimen¬ 
tation compartment from the sludge-digestion chamber, a vertical 
bulkhead was constructed across the center of this portion of the 
sedimentation compartment. Thus the sewage, in order to pass through 
the sedimentation tank, first had to pass into the body of the contact 
aerator. 

Following the suggestion of Imhoff, who visited the plant in May, 
1929, vertical baffles wer(' pL(;ed across the sedimentation tjompartment 
about 18 in. from each end of the contact aerator. They extended 
nearly ft. below the fl(‘W line of the tank. The tops of the baffles 
v/ere slightly above tb* Si wage sin*face. 

The air-distiibutio.i system was divided into two sections, each 
kipplying one ha if the aerator. Two 3-in. galvanized-iron headers 
extended across the bottom of the aerator near the center, each supply¬ 
ing one half the unit. Air-distributing laterals consisted of J^-in. copper 
pipe, spaced at intervals of 1 ft. along each header. Along the under¬ 
side of each of the copper distributors there were pairs of holes 

at intervals of 1 ft. Air was supplied by either one or two air compres¬ 
sors, each rated at about 180 cu. ft. of air a minute under a pressure of 
6 lb. per square inch and operated by a Pelton wheel, driven by the 
flow of sewage which reaches the plant under a head of about 70 ft. 

During the early months of operation the contact aerator effected a 
marked reduction in suspended solids in excess of that by the Imhoff 
tank alone, but during later months this advantage entirely disappeared. 
The effect of the contact aerator in reducing the biochemical oxygen 
demand was noticeable at times, but over the entire period to June, 
1929, considered as a whole, it produced no distinct improvement 
in this respect. It seems probable that the unsatisfactory results were 
attributable in part to the fact that accumulations of fungi and organic 
solids were not being flushed out of the coke effectively. Remaining 
therein these solids decayed and in so doing interfered with the normal 
growth of the oxidizing fungi. Furthermore, the circulation through 
the medium was inadequate previous to installing the baffles outside 
the aerator, as suggested by Imhoff. 

Changes were made in construction and method of operation of the 
contact aerator, so that a marked improvement in efficiency took place 
in June and continued through July, 1929. More adequate flushing 
of the medium was secured by passing the entire volume of air through 
each side of the unit once a day and some cleaning was effected by the 
temporary use of chlorine. 
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Tests made during July, 1929, indicated that the aerator was capable 
of removing oxygen demand equivalent to approximately 30 per cent 
of that residual in the Imhoff-tank effluent. It was evident that the 
coke in the aerator was not so suitable a medium as laths or veneer mats. 

Cost of Construction, Operation and Maintenance of Contact Aerators. 
Estimates prepared for Buswell and Pearson (3) indicate that the cost 
of construction per mil. gal. of sewage flow provided for would be $1460 
for the racks, $400 for blower equipment and $1000 for rack-shaking 
equipment, a total cost of $2860 per mil. gal. On the basis of 0.2 cu. ft. 
of air per gallon of sewage at a pressure of 4 lb. per square inch, 60 per 
cent overall efficiency and power at 1.5 cents a kilowatt-hour, the cost 
of power foi* air compression would be about $1.10 per mil. gal. of 
sewage treated. 
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CHAPTER XXT 


THEORY AND OPERATION OF TRICKLING FILTERS 

In addition to the types of filters already discussed in detail, trickling 
filters are employed to convert the organic matter in sewage into a 
more stable form or into mineral matter through the agency of living 
organisms in the presence of tree oxygen. A trickling filter is an artificial 
bed of coarse material, much the same as that used in contact beds, 
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Fig. 121.—Arrangement of trickling filters, I^^tchburg, Mass. 
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over which sewage is distributed intermittently and through which it 
trickles to underdrains. The filtering material commonly consists of 
broken stone or slag, 6 to 10 ft. in depth. 

Characteristics of Trickling Filters.—In trickling filters the filtering 
medium is sonietimes placed in watertight tanks and sometimes not. 
Figure 121 shows a plan and section of one of the trickling filters at 
Fitchburg, Mass., built from the plans of Hartwell and the authors. 
Operating at a much higher rate than contact beds, trickling filters 
require a more elaborate system of sewage distribution and under¬ 
drainage. Sewage is applied to the surface by means of nozzles and 
other sprinkling devices of varying design, which approach uniform 
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dosing of the area. The pores of the bed are not filled with sewage and 
ventilation is commonly such that oxygen may be absorbed continuously 
by the jelly-like covering on the medium and by the sewage, rather 
than intermittently as is the case with the older types of sewage filters. 
Dosage is far more frequent than with intermittent sand filters and 
contact beds. 

In further contrast to intermittent sand filters and most contact 
beds, which must be cleaned from time to time, well-designed and 
carefully operated trickling filters are self-cleaning. They unload the 
accumulated, more or less stabilized solids and hence the filter effluent 
requires secondary or final treatment in sedimentation tanks, if these 
solids are not to be discharged with the final effluent. 

How Changes in Sewage Are Accomplished by Filtration.—The 
manner in which not only suspended solids but also colloidal and dis¬ 
solved materials are removed from sewage by filtration is complex. 
The mechanical straining out of the larger suspended solids needs no 
explanation and the factor of sedimentation which is operative in filters 
has been discussed in Chap. XII. 

Neither straining nor sedimentation, however, accounts for the 
removal of colloidal and dissolved organic matter which takes place 
during filtration. This action is closely associated with the development 
upon the filtering medium, during the ripening period of the filter, 
of a slimy, gelatinous growth of bacteria, called zoogloea, and other 
organisms such as fungi, protozoa and certain higher forms of life. 
Furthermore, it is associated with the contact betweten the sewage 
and the slimy film. 

At the beginning of the present century two opposing theories were 
advanced in explanation of the phenomena of colloid removal and 
oxidation of dissolved matter by filtration. The first is known as 
Dunbar’s theory, the second as the Hampton doctrine of Travis. 
Generally speaking, the former stressed the importance of biological 
activity, while the latter gave greatest weight to physical action. 
There was some truth in each theory. 

In the light of modern developments in the chemistry of colloids 
Bus well (1) explains the way in which changes are brought about in 
sewage by filtration on the following basis. 

1. In the surface film of liquids the concentration of dissolved matter 
tends to change in such a way to decrease surface tension. If, therefore, 
a substance dissolving in a liquid increases the surface tension of the solu¬ 
tion, the film concentration of the substance tends to become less; if it 
decreases the surface tension its film (concentration tends to become greater. 
(Most salts and all strong bases increase the surface tension of water; but 
ammonia and nitric and hydrochloric acids decrease it.) Substances in the 
colloidal state are believed to 8C,t in a similar way and there are found in 
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sewage colloidal soaps and proteins that tend to concentrate in a surface 
film. These changes in film concentration are not restricted to the air- 
liquid interface, but seem to apply also to the interface between the bacterial 
slime and the liquid. The extent of the interface or contact surface is, 
therefore, important. 

2. At the jelly-sewage interface the following occurs: 

а. The substances concentrating *it the interface are adsorbed to the 
contact surfaces and thus removed from the sewage being filtered; 

б. The adsorbed substances are attacked by the enzymes and living 
organisms present in the slime; 

c. As rapidly as these substances are removed by digestion or direct 
absorption into the living cells, others come to the interface and further 
removal is thus effected; 

d. In the presence of air the products of decomposition of organic matter 
are chiefly carbon dioxide, nitrates and a humus-like residue. The gas 
escapes from the filter; ’^it.atos, being salts, increase the surface tension of 
water and therefore pess from the interface into the flowing sewage; the 
humus-like residue mjust either be removed, as in intermittent sand filters 
and contact beds, or sloughs off from time to time, as in trickling filters. It 
is an important fact that the humus from trickling ' Iters settles readily, 
unlike the colloidal matter from which it largely originated. 

3. Experience has shown that the oxygen present in the sewage applied 
to sewage filters is insufficient to maintain their oxidation reactions. The 
filters must, therefore, be permitted to rest between doses, in order that the 
biological jelly may dissolve or adsorb a sufficient quantity of oxygen from 
the air that penetrates into the interstices of the filter while it is standing idle. 

To summarize, it may be said that the changes accomplished by 
filtration are due to surface phenomena involving changes in the film 
concentration of the sewage at the jelly-sewage interface and adsorption 
of the substances concentrating at the interface, the activity of living 
organisms and their enzymes found in the gelatinous films covering the 
contact surfaces, and the maintenance of favorable conditions by an 
adequate supply of oxygen. All these changes are spoken of a^s contact 
phenomena. 

Preliminary Treatment.—Some form of preliminary treatment is 
commonly employed with trickling filters, to prevent the clogging of 
distribution nozzles and of the filter medium. How far treatment 
should be carried depends upon the economy of plant construction and 
operation. Fine screens have been advocated in some instances, but 
it is doubtful if the solids passing screens but removed by sedimentation 
tanks can be handled as economically by filters as by preliminary tank 
treatment. Plain-sedimentation tanks, septic tanks, and Imhoff tanks 
have all been used to remove settleable solids. 

A disadvantage of the septic tank for preliminary treatment is that 
foul odors are often given off by the tank effluent. Spraying the 
effluent on trickling filters is particularly favorable to the dissemination 
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of odors. There is also a general belief that sewage can be oxidized 
by bacterial agencies more advantageously when fresh than when septic. 

Partial oxidation of clarified sewage i)rior to filtration is discussed 
in Chap. XXIV. 

Final Treatment. —The effluent from trickling filters usually con¬ 
tains considerable quantities of suspended matter. On this subject 
Wagenhals, Theriault and Hommon (2) comment as follows: 

Very little importance can be attached to the amount of suspended matter 
in trickling filter effluents or the reduction in this constituent effected by 
them unless results are available for long periods. The amount of suspended 
matter in the effluent and its ratio to that in the influent will normally vary 
within wide limits, depending upon the state of the filters as regards unload¬ 
ing. The function of the filter, as regards suspended matter, is not to remove 
it permanently but to hold it till it has been worked over and oxidized. 
The character of the solids in the effluent is almost always entirely different 
from that of the solids in the influent, and it is this change of character that 
is important. 

Notwithstanding losses due to digestion, as much suspended matter 
may be expected collectively over a protracted period of time in the 
effluent as is present in the influent; indeed, colloidal matter is often 
precipitated within the filter, so that the effluent frequently averages 
higher in suspended matter than the influent. This difference may be 
augmented by bits of organic growths, worms and the like washed 
from the filter. 

In appearance, the suspended matter in trickling-filter effluents is 
quite different from that in sewage. It is of a granular and gelatinous 
nature, instead of the slimy, mucilaginous character of sewage sediment. 

The increase in stability of the suspended matter in trickling-filter 
effluent over that in the applied sewage was shown by an experiment 
at the Lawrence experiment station, in which 0.2 gm. of each sediment 
was mixed with 4000 cc. of river water saturated with oxygen. The 
results are given as follows (3): 

DLssolved-Oxygen 
Saturation at End 
of 6 Days, Per Cent 


River water... 90.0 

Trickling filter 136, sediment and river water. 100.0 

Trickling filter 136, sediment and river water. 76.0 

Sewage sediment and river water. 1.5 


It seems to be clearly established that the deposit from trickling 
filters is much more stable than tliat from raw sewage; yet it appears 
that the effluent miy carry, at times of unloading, such large quantities 
of this matter that the water is rendered putrescible thereby. Sludge 
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resulting from the sedimentation of trickling-filter effluents has usually 
been found to be putrescible. In some cases it has been rendered 
offensive by the presence of many decaying worms or particles of 
organic growths. 

In a }najority of trickling-filter installations it has been deemed 
necessary to remove suspended matter from the effluent by means of 
tanks, strainers or filters. Much of the suspended matter lends itself 
readily to sedimentation, but there is considerable fine matter which 
cannot be removed effectively by this method. For complete removal, 
strainers or filters are used. In the latter case it is common practice 
to pass the trickling-filter effluent through sedimentation tanks first. 
Intermittent sand filters not only remove the suspended matter but 
afford further oxidation and bacterial purification. They may be 
operated at comparatively high rates, as at Brockton, Mass., and 
formerly at Glovorsvule, K. The permissible loading of sand filters 
following trickling fibers is touched upon in Chap. XVIII. 

The design and r,peration of final-sedimentation tanks, or humus 
tanks, are taken up in Chap. XXII. 

Maturing of Beds.—As in the case of other types of filters, trickling 
filters are less effective in producing a good effluent when they are first 
placed ill operation than after they have matured. The reasons for this 
are given in connoction with contact beds in Chap. XIX. The period 
of maturing varies with the season of the year from a few weeks in 
warm weather to several months during the cooler seasons. 

Unloading of Filters.—The periodic storage and unloading of solids 
by trickling filters are among their most important attributes. Since 
the beds harbor huge numbers of living organisms, it is not surprising 
that they respond quickly to changes in temperature and other condi¬ 
tions. In summer, in the northeastern states, the quantity of solids in 
the effluent is about the same as in the applied sewage. Oxidation is 
then more active and nitrification takes place if doses are not so great 
as to prevent efficient oxidation. A trickling filter designed and 
operated for that purpose will convert a large portion of the organic 
nitrogen into nitrates. In the fall, the efficiency of oxidation drops 
progressively with the lowering of the temperature and the proportion 
of solids in the effluent to those in the sewage also is reduced. During 
the winter oxidation is low and much organic matter applied to the 
filter is stored in it. But with the first warm weather of spring, the 
filters emit great quantities of solids, far in excess of those in the sewage 
applied at the time. Thus the stored matter, including the bacterial 
jelly which has served its purpose^ is (ejected from the filters, which thus 
recover capacity. Likewise, the renewed activity of the organisms 
produces more complete oxidation and the quality of the effluent 
gradually improves until it equals that of previous summers. 



482 


AMERICAN SEWERAGE PRACTICE 


Great numbers of worms develop in trickling filters and are discharged 
with the accumulated organic matter, when the filters unloadthese 
solids into the effluent. The abundance of these worms indicates 
that they perform some function in the general transformation of 
organic matter into more stable matter, which goes on inside the filters. 

Results of studies of film accumulation in the trickling filter at 
Plainfield, N. J., during the year ended June 16, 1926, are reported by 
Rudolfs and Peterson (4). Chemical analyses indicate that nitrification 
is best shortly after the filter medium has been cleaned by the sloughing 
off of the accumulated film and that it decreases gradually with the 
increase in thickness of the film. Consequently, such a large weight of 
film as accumulates prior to the slough is undesirable. 

Clogging of Filters.—Trickling filters are subject to clogging by the 
breaking down of the filtering material to fine particles which compact, 
by the retention within the voids of excessive quantities of sewage 
substances, and by the formation of a mat of algae and fungi in the top 
layers. The selection and testing of material so as to secure a medium 
not subject to disintegration and compacting are treated in Chap. XXII. 
Clogging due to an excess of sewage substances in the voids may be 
catised by the size of the filtering material, the relative roughness of the 
filtering material, or a greater burden of suspended matter than the 
filter can treat successfully. The size and relative roughness of material 
are considerations also covered in the discussion of the selection of 
filter media. 

Adequate allowances for sedimentation of the sewage prior to filtration 
as a rule permit filters to operate without clogging. Industrial wastes, 
particularly iron wastes, may cause serious clogging of trickling filters. 
At Fostoria, Ohio, precipitated iron so seriously clogged a trickling 
filter, 35,000 sq. ft. in area and 7 ft. in depth, which had treated a total of 
only 392 mil. gal. of settled sewage, as to require the removal and clean¬ 
ing of the filter medium at an expense of some $15,000. The raw sewage 
at Fostoria during 1929 contained on an average about 80 p.p.m. of 
iron, the settled sewage 54 p.p.m. and the humus tank effluent 17 p.p.m. 

Under normal conditions of installation and operation, trickling 
filters remain self-cleaning and clogging of the main body of the bed is 
an exceptional occurrence. 

Cleaning of Filters.—There are several methods of combating surface 
clogging of trickling filters and ':|i^he resulting ponding of sewage: 

1. Resting and drying the bed without permitting destruction of the 
contact film to take place. 

2. Hosing the surface of the bed with a stream from a monitor or fire hose. 

3. Picking over, loosening, forking or harrowing the surface layer., 

4 . Chlorination of the applied sewage for the destruction of surface 
growths, or use of ^copper sulfate, caustic soda or chlorine compounds for 
this purpose. 
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6. Cultivation of the water springtail, Achorutes viaiicus, a member of the 
family Poduridae; this is a wingless insect which feeds on the organic slime 
accumulating on the surface. 

Clogged underdrains can sometimes be freed by flushing the drainage 
system by means of hose streams. Chlorination of the applied sewage 
may be effective in causing an unloading of the humus-like materials 
collecting ou the filter medium. 

During the spring of 1928 trouble was experienced with Ihe trickling 
filters at Lackawanna, N. Y., due to a growth of slime and an accumula¬ 
tion of solids on the beds (5). Excessive ponding occurred on the 
filters and deposition inside the pipes and spray heads caused friction 
losses so that the sprays became feeble, with resultant poor distribution 
of sewaf];e on the beds. I pon examination it was found that the slime 
consisted of gelatinqr. ^eirotable growths, which apparently caught 
and held grease and particles of scum from the Imhoff tanks, as well as 
dust and cinders. 

For about five days nn average dosage of 32 p.p.m. of chlorine was 
applied to the septic Imhoff-tank effluent, insuring a residual of 0.5 to 
5 p.p.m. in the applied sewage. The application of chlorine resulted 
in disintegration of the slime, which sloughed off and was washed out 
of the filter; the header pipes and spray nozzles were cleaned and the 
sprays became vigorous and full again. The cost of chlorination per 
acre was $110.29, with chlorine at 6 cents a pound. 

At Schenectady, N. Y., a heavy, black surface film formed on the 
trickling filters during the winter of 1926-1927 (6). No pooling was 
caused. A 48-hr. i)eriod of chlorination at a rate of about 25 p.p.m. 
cleared all the filter units. Although chlorination was not repeated 
during the entire summer, the film did not develop unduly. 

Chlorination to cure pooling of trickling filters proved effective at 
Elgin, Ill. (7). Pooling was caused by a slime of gelatinous, plantlike 
nature that sealed the surface between the stones and filtered and held 
the scum and colloidal matter of the Imhoff-tank effluent. Chlorine 
was applied between the hours of 10 p.m. and 8 a.m. After some 
experimentation the chlorine was applied at a rate of 11.2 p.p.m., with 
a residual in the applied sewage of 4 to 7 p.p.m. A total of 4500 lb. of 
chlorine was used for a filter 1.5 acres in area. With chlorine at 7.9 cents 
a lb., the cost was $237 an acre. 

After a month^s chlorination the chlorine had caused disintegration 
of the surface growth and cleared the filter so as to do away with pond¬ 
ing. The chlorine loosened and killed off the growth that had accumu¬ 
lated in the distribution system and after chlorination the sprays were 
even* and vigorous. 

To economize on chlorine, Wing and Williams make the following sug¬ 
gestions for the chlorination of trickling filters for cleaning purposes (5): 
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1. Do the chlorinating at night only, for then the sewage has its lowest 
biochemical oxygen demand^ and is least in volume. 

2. Add sufficient chlorine to ensure residual chlorine values of 3 to 6 p.p.m. 
in the sewage at the nozzles. 

3. If possible, reduce the flow of sewage to the filter being chlorinated by 
diverting all except sufficient flow to insure against failure of the siphon to 
function properly. This will insure maximum benefits with the minimum 
quantity of chlorine consumed in the process. 

4. Repeat each night until the beds are cleaned. 

5. Following the initial treatment, succeeding treatments should not be 
nearly as costly and should be infrequent. 

No7zle Clogging. —Spraying nozzles are subject to clogging by mate¬ 
rials which pass through preliminary treatment units and by fungi and 
other growths or slimes from the walls of dosing tanks and from inside 
distribution pipes. At Fitchburg, Mass., Allen (8) reports: 

The most troublesome cause of nozzle clogging is the great number of 
matches found, while balls of grease, bits of growth, small pieces of wood, 
fish and even chewing gum have been found in the nozzles. 

During 14 years of operation of the Fitchburg filters 20.3 nozzles were 
cleaned each day, on an average, or 5.28 per cent of the average number 
in use. At Worcester, Mass., during 1928, the average daily num¬ 
ber of nozzles cleaned was 10.2 per acre, or 140 for the entire area. 
This is equivalent to 4.7 per cent of the total nuinber of nozzles. At 
Schenectady, N. Y., in 1930, the average number of nozzles cleaned 
dailjT on an area of 3 acres was 116, equivalent to 7.7 per cent of the 
total number of nozzles, or 14 nozzles per million gallon of sewage 
treated. 

The better and more complete the preliminary treatment, the less 
clogging of nozzles occurs. The screening of tank effluent prior to 
discharge on to the filters has proved advantageous at some plants. 
The occasional flushing out of the distribution system and cleaning 
of the dosing tanks are also helpful. The cleaning of the distribution 
system may be facilitated by the applies.,ion of chlorine. 

Odors from Filters. —The intensity ci the odors produced by trickling 
filters varies with the concentration, composition and condition of the 
sewage and with the air temperature, humidity and wind movement. 
In general, if the sewage reaches the plant in a relatively fresh condition 
and if the filters are well operated, the odors should not be intense or 
especially offensive. Sewage odors are particularly noticeable on 
relatively calm, damp days. 

It is generally desirable to keep trickling filters yi to ^ mile distant 
from residences. If septic sewage is to be treated, even greater 
isolation is desirable. Small filters are sometimes covered in order to 

1 Ther9 Ui % markod^coinrelation betwei’W B.O.D. and chlorine demand, 
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reduce the travel of odors. Screening of the plant by stands of ever¬ 
green trees has been employed with indifferent success, while chlorina¬ 
tion of the sewage prior to filtration has been markedly successful, 
but excessive destruction of the filter life by chlorine must be guarded 
against. The covering^ of trickling filters for the control of odors is 
described in Chap. XXII. The h;*"gienic significance of sewage odors 
does not appear to be appreciable. 

Investigations of the control of odors at the Imhoff-tank, trickling- 
filter plant,in Macon, Mo., during 1928 are described by Johnson and 
Bosch (9). They find: 

As a control procedure to prevent the production of objectionable odors 
from the sprinkling filters, a maximum of 1.5 p.p.m. of volatile hydrogen 
sulfide iri the Imhoff tank ^ ffluent should not be exceeded. Odor control 
bj" chlorination is effect! 'e and is the most economical known remedy of 
preventing odors at the Macon sewage-treatment plant. Good operation 
\fill reduce considerably the amount and cost of chlorine required. 

At Macon a dosage of 3.94 to 10.9 p.p.m. of chlorine was required to 
reduce the intensity of the odors to an unobjecti6nable point. 

Results of odor control by chlorination at Schenectady are sum¬ 
marized by Cohn (10) as follows: 

At Schenectady, original investigations carried out in 1926 indicated that 
the application of chlorine to tank effluent in the siphonic chambers at rates 
as low as 4 p.p.m. resulted in a marked change in the odor conditions of the 
sewage applied to the treated filter units. At rates of 6 to 8 p.p.m. a clean 
chlorosubstitution odor replaced the usual sewage odor from the beds. No 
effect was noted on the stone film. At rates above 10 p.p.m. distinct chlorine 
residuals were noted in sewage collected at the nozzles and the chlorine 
bleached out the black growth on the stone and on the nozzle spindles and 
domes. Within a few days, the film sloughed off the stone and passed into 
the beds, producing the phenomenon of unloading. The beds looked like 
new units. No pooling was noted and the beds gave off no odors even when 
allowed to dry out under the sun's rays. In a regular program of filter odor 
control, heavy chlorination to remove surface film could be practiced at very 
infrequent intervals, and applications of low chlorine dosages for deodoriza- 
tion of the applie,d liquid could be used only during seasons of the year or 
periods of the day when conditions of tank effluent or atmosphere indicated 
that odor control was necessary. 

Filter Flies.—A small, gray moth fly, Psychoda alternata^ is sometimes 
troublesome about trickling filters,^ although it does not occur on sand 
filters or contact beds. These flies do not bite but may get into the 
eyes, nostrils and ears. Being so small that some pass through ordinary 
window screening, they can be excluded only with difficulty from dwell¬ 
ings or other buildings in the immediate vicinity of the plant. The 
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radius of their flight is generally limited to a few hundred feet, but 
they may be carried by the wind to greater distances, perhaps H to 

mile. The eggs of the Psychoda are laid in the filter and the larvae 
feed upon the filter slime. Fair (11) states that the life cycle varies 
from 7 days at a temperature of 85®F. to 22 days at 60®F. 

Two methods of checking filter flies which have been used are flooding 
the beds for about a day once a week, during the periods of greatest 
prevalence, and chlorination. The latter is carried out either by apply¬ 
ing chlorine to the sewage in a heavy dose or by spraying with ortho¬ 
dichlorobenzene. Cultivation of the water springtail, Achorvies viaticus^ 
also is said to be effective in reducing fly prevalence. This may be 
due to destruction by the springtail of the organic slime upon which 
the larvae of the filter fly feed. 

Cohn (6) states that at Schenectady during 1927 

. . . Psychoda inhabited the beds in small numbers throughout the winter 
and increased in number early in the spring. (Jhlorination temporarily 
controlled their development during the early spring months. The beds 
were flooded for 24 hr. on eight occasions from May to Octolx^r and the flies 
were thus kept under satisfa(^tory control. . . . The secret of eff(‘ctive fly 
control seems to be the application of control measures at very frequent 
intervals, but flooding more often than twice a month reduces filter efficiency. 
The Schenectady effluent suffered marked reductions in stability that lasted 
for 7 days after bed submergence. 

Hommon (12) reports flooding to be quite effective in the control 
of flies. Referring to experience with the flies at Canton, Ohio, he 
states: *'The sloughing (following flooding) caused the removal of the 
majority of the fly larvae and practically all of the flies were drowned.^' 

Relative to chemical methods of Psychoda control. Fair (11) makes 
the following statement: 

Experience with chemical control agents seems to have established the 
value of kerosene and ortho-dichlorobenzeno, as well as mixtures of these 
substances or of kerosene and pyrethrum .or the destruction of adult flies. 
Substantial destruction of fly larvae appears to have been accomplished by 
chlorination. . . . The use of creosote is favorably reported, as is high 
acidity of the applied sewage. 

The effect of housing trickling-filter beds in glass-overs upon the 
control of flies is described in Chap* XXII. 

EfSiciency of Triclding Filters.—The degree of purification effected by 
trickling filters is influenced by many factors of design and operation. 
In general, the reduction in B.O.D. js 60 to 85 per cent and in bacteria 
70 to 85 per cent. 

Trickling filters are capable of converting putrescible settled sewage 
into highly stable effluent wit^ low B.O.D. During the course of a 
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Table 82.—Annual Average Operating Results of Trickling Filters 
Results Are Stated in P.P.M., Except as Noted 
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normal year’s operation the suspended solids in the effluent are about 
equal in quantity to tho^e in the influent, provided that unloading is 
complete and there is no clogging. However, the suspended solids in 
the influent are fine and do not settle readily, while those in the effluent 
are coarse and flocculent and can be removed in large measure by 
sedimentation. The volume of suspended matter in the effluent is 
particularly great during the spring unloading period. At this time 
masses of sludge worms differing greatly in variety are mixed with the 
solids. 

The results of studies of filter efficiency conducted by the U. S. Public 
Health Service in 1920 are shown in Table 81 (2). Operating data of 
typical American plants, taken from annual reports of operation, are 
given in Table 82. The efficiency of certain Ohio trickling-filter 
installations, as measured by their removal of B.O.D., is shown in 
Table 83, compiled from data furnished by Hatch (13). 


Table 83.— Loading and Kfficibncy of Ohio Trickling Filters, as 
Measured by B.O.O. Applied to Filters and Removed by Them, May 
TO October, 1930 , 
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sewaRe 

effluent 
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acre-ft. 

capita 


Akron . 

91.7 

17.4 

122.6 

0.0858 

99.3 

0.0696 

81.0 

Alliance. 

146 

35.5 

188.7 

0.1187 

142.8 

O.OPOO 

75.7 

Canton^. 

100.5 

25.2 

171.1 

0.0808 

128.2 

0.0605 

74.9 

Cleveland, Southerly plant 

110.8 

31,6 

126.8 

0.0952 

90.7 

G.0680 

71.5 

Columbu.s. 

15.3.8 

64 

757.5 

0.1262 

441.8 

0.0736 

58.4 

Delaware. 

269 

31.4 

187.3 

0.0916 

165.5 

0.0809 

88.3 

Fostoria. 

124.8 

29.7 

248.8 

0.1176 

189.5 

0.0897 

76.2 

Marion. 

189.2 

31.7 

157.8 

0.0921 

131.5 

0.0767 

83.2 


* May to October, 1929. 


Relative Merits of Trickling Filters and Contact Beds.—Trickling 
filters have several advantages in comparison with contact beds. They 
permit much higher rates of operation and consequently require less 
area and involve less expense for construction than contact beds. 
Trickling filters usually give much less trouble from clogging and on 
the average produce a more satisfactory effluent than do contact beds. 

The latter, on the other hand, require less head to operate, are 
practically free from flies, which sometimes infest trickling filters, and 
present less opportunity for the dissemination of odors. In the case 
of contact beds, it is not necessary to expose the sewage to view. For 
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musicipalities where isolated sites are difficult or expensive to obtain, 
or for residential, institutional or industrial plants, contact beds may 
be advantageous. 

There have been few recent installations of contact beds by munici¬ 
palities, the total number of such installations having decreased rather 
than increased during recent years, as contact beds in the older treat¬ 
ment works are superseded by the construction of trickling filters or 
activated-sludge plants. 


Bibliography 

1. Boswell, A. M.: “Chemistry of Water and Sewage Treatment,*^ 1928. 

2. Puh, Health BuU, 132, U. S. Pub. Health Service, 1923. 

3. Ann. Kept., Mass. State Board of Health, 1908. 

4. Rept. of Sewage Substation, N. J. Agricultural Experiment Sta., 1926. 

6. Wing, F. K., and R. C. Williams: Eng. News-Rec.y 1929; 102, 621. 

6 . Public Works, 1928; 59 , 223. 

7. Smith, E. E.: Sewage Works Jour., 1930; 2, 387. 

8. Ann. Rept., Dept, of Pub. Works, Fitchburg, Mass., 1918. 

9. Johnson, W. 8 ., and Herbert Bosch: Public Works, 1929; 60 , 400. 

10. Cohn, M. M.: Sewage Works Jour., 1929; 1, 568. 

11. Fair, G. M.: Sewage Works Jour., 1934; 6, 966. 

1-2. Hommon, C. C.: “Rept. of Investigation of Crushed Blast Furnace 
Slag as a Medium in Sewage Trickling Filters,^' 1930. 

13. Hatch, B. F.: Ann. Rept., Ohio Conference on Sewage Treatment, 1931. 



CHAPTER XXII 


DESIGN OF TRICKLING FILTERS 

Testing and Selection of Filtering Materials. —Many different 
materials have been used as filtering media in trickling filters, including 
the following: crushed stone, pebbles, blast-furnace slag, cinders, coke, 
coal, broken brick, waste from potteries, wooden laths, brushwood 
and corncobs. 

In the United States crushed stone seems to be preferred to other 
materials. Crushed stone does not disintegrate so rapidly as do some 
other materials under tiie innuence of sun and air, freezing and thawing, 
a|id wetting and drying. It is not broken down by the weight of 
overlying material and is not subject to organic decay. Being heavier 
than water, it does not rise and settle, as may coke, v^hen the filters are 
flooded for fly control. Trap rock, granitic rock and limestone are 
commonly employed. Of these, trap rock appears to be a particularly 
satisfactory material. While preferences are well established in favor 
of hard rock, it may be more economical in some cases to use cheap 
materials like cinders, even though they must be renewed occasionally, 
than to build of more permanent but considerably more costly material. 

A committee of the Sanitary Engineering. Division of the American 
Society of Civil Engineers is working on the subject of filter media. 
The following condensed discussion is taken from a progress report of 
the committee issued in 1929 (1): 

The essential considerations in determining the suitability of trickling- 
filter media may be classified as disintegration, cementation and con¬ 
solidation, and ability to unload. 

Since the size of filtering medium largely affects the capacity and 
efficiency of trickling filters, the selected size should be substantially 
maintained throughout the life of the filter. The exposed surface of 
filters is subjected to natural weathering through the atmospheric 
agents of rain, frost, changes of temperature and wind and also to 
frequent alternate wettings and dryings by the intermittent discharge 
of sewage on to the beds. Sewage may contain appreciable quantities 
of dissolved carbon dioxide. When the atmospheric temi>erature is 
below freezing and the period between sprayings is H hr. or more, the 
wetted surface freezes between doses. Thus the material in a trickling 
filter is subjected to all the effects of natural weathering in greatly 
concentrated form, particularly as regards the mechanical effect of 
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hydration and frost action. Furthermore, any chemical changes, such 
as oxidation of iron or slacking of free lime, are certain to be noticeable 
in much less time than under natural conditions. The splitting of 
material into sizable pieces along seams is not of such serious conse¬ 
quence as the crumbling away of the medium. This latter form of 
disintegration seems to be confined mostly to the softer varieties of 
limestones and to the slags. As the particles crumble away to granular 
bits, consolidation and clogging become more and more likely. 

In some instances among the older trickling-filter installations, 
especially where clinkers and other relatively friable materials had been 
used, it was found that these materials were reduced to fines, 
which were cemented together, compacted or consolidated so completely 
as to render the filter inoperative. 

Little is known as to the effect of roughness of material on the unloading 
ability of the filter and the resultant effect on the overall filter efficiency. 

The following tentative conclusions have been reached by the com¬ 
mittee: 

а. Material for filter media should be sound, hard pieces, with all three 
dimensions as nearly the same as possible, clean and free from dust, screen¬ 
ings, and other fine material. It should be of as nearly uniform size as 
}K)ssible and the material should not disintegrate under service conditions 
either by breaking into smaller pieces or by crumbling into fine material. 

б. In selecting the most suitable material for a gi'^en installation from the 
, available sources of material, careful investigation of the several sources of 
material should be made, including geological inspections of quarries, a 
study of the facilities for obtaining, screening, and cleaning the desired 
size of material, and a laboratory analysis of samples selected from the 
several sources, in order to determine the comparative merits of the several 
materials as to the probability of the breaking-down of the materials under 
conditions of filter service. For the laboratory analysis samples should be 
selected from the various ledges in the several quarries or from the several 
possible storage piles. 

c. The investigation of the Committee to date indicates that the sodium 
sulfate soundness test^ is the most informative test for predetermining the 
disintegrating qualities of the proposed material. Other physical tests, 
including the determination of specific gravity, water absorption and 
porosity, give useful information. Chemical analyses arc of value in deter¬ 
mining the effect of impurities, such as earthy materials, iron, sulfur and, in 
some cases, lime and magnesium. Microstructural analyses made by 
qualified examiners may also te useful. 

d. Great care should be taken in obtaining the filter material from a 
selected source to insure a uniform grade and size, free from dirt and fine 
matter. [In its progress report fo^ 1934, the Committee states that a 
tolerance of not more than 5 per cent of material less than the smallest 
specified size has been suggested.! There is evidence to indicate that 

^ A deseription of'this teat is contahUd in the 1929 progress report of the committee (1). 
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inadequate screening for size and insufficient cleaning of filter material for 
many of the existing trickhng-filter installations have becii of iiifiuen<;e in 
the deterioration of the filter beds, perhaps more so than th(! breaking down 
or disintegration of the individual pieces of filter material, ft appears that 
proper sizing and cleaning of filter material cannot be obtained without 
special arrangements for screening, rcscrecning and perhaps washing of the 
material, either at the source or at the niter plant immediate] \ before placing 
the material in the filter bed. 

From tests on the various filter media collected from 12 trickling- 
filter plants the bdlowiiig general conclusions were indicated: Limestones 
with low specific gravitits, say less than 2.50, must be regarded with 
suspicion, since, when this occurs, there is likely to be an undesirable 
quantity of earthy material or sandstone and the low-specific-gravity 
limestones show a decided tendency toward surface abrasion. Finel}'” 
crystalline, uniform, low-siVca limestones, having a specific gravity 

2.67 or more and ar absorption of less than 1.10 per cent by weight 
may be expected U' resist disintegration. On the other hand, if the 
-pecific gravity is less than 2.67 or the absorption is g ^ater than 1.10 per 
cent, there is no certainty that the material will break down. 

The tests indicated a relatively low abrasion loss for the dense lime¬ 
stones, trap, granite and hard quartzite. However, it would appear 
that some materials with a low abrasion loss would prove only partly 
satisfactory, i)articularly from a disintegration standpoint, whereas 
others might be regarded as satisfactory where the abrasion loss is 
high. This seems to be especially true of slags. 

In general, 20 cycles of the sodium sulfate treatment are sufficient 
to establish whether or not a filtering material will break down in 
actual service. 

The preceding study was confined to crushed stone and slag. Of the 
other materials listed, coke and cinders are undesirable, coal is usually 
im])racticable, while brush,^ broken brick and waste from potteries 
are seldom available in the quantities required and little is known of 
their suitability. Laths have been used only in small installations. 

Hommon (2), after an inspection of 4cS filter plants, of which 37 employ 
slag as a medium, and as a result of laboratory tests, concludes that 
crushed blast-furnace slag is a desirable material for use in trickling 
filters and that the rough texture of the slag does not prevent the j^riodic 
unloading of the filters. He finds no evidence to indicate that, when 
used in the sizes now commonly specified, it will cement or consolidate. 

In trickling filters where the surface layers are particularly exposed 
to such weathering as occurs in the northern United States, a less resist- 

’ The use of brushwood at Toronto, Ont., which was abandoned a few years ago, was 
described by Phelps in the Can. Eng., February- 1917, and was developed as a result of 
experiments with a small lath filter by Nasmith. 
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ant but locally cheaper medium, such as limestone, may be employed 
for the lower layers, while materials such as trap rock may be used for 
the upper ones. Such construction has been used at Lexington, Ky., 
at the Southerly plant in Cleveland, Ohio, and elsewhere. At Delaware, 
Ohio, Gascoigne (3) has provided 7 ft. of broken limestone, Wi to 
in. in size, overlaid with 1 ft. of crushed granite. 

Stanley (4) states that 

... an incomplete survey of trickling filters in the United States made in 
1925 indicated that 83 per cent of the filter media for the plants covered 
was crushed rock of one type or another, 2 per cent gravel, 11 per cent slag 
and most of the remaining 4 per cent cinders or coke. 

Size of Filtering Material. —The greater the surface area of the 
filtering material the greater the opportunity for contact between 
the sewage and the bacterial jelly covering the filter medium. The 
extent of surface varies directly as the roughness and inversely as the size 
of the ballast. Surface contour, however, is rapidly suppressed by 
the growths which cover the medium. Roughness is helpful in holding 
the gelatinous film but tends to retard the unloading of trickling filters 
and may induce clogging. Extremely smooth materials such as water- 
worn pebbles, on the other hand, afford insulFicient hold for the zoogloeal 
growths. Size affects the opportunity for oxidation also by controlling, 
together with depth, the time of contact. 

The time of contact or passage through filters of different depths and 
sizes of medium, which was observed at the Lawrence experiment 


Table 84.—Time of Passage of Sewage through Experimental 
Trickling Filters, Lawrence, Mass. 



Size of 


Ave. daily rate' 

Time of 

Ni¬ 

trates, 

p.p.m. 

Material 

mate¬ 

rial, 

in. 

Depth 

Gal. per 
acre 

Gal. 
per cu. 
yd. 

passage 
of sew¬ 
age, hr. 

Broken stone.... 

H-i 

Ft. In. 
10 0 

1,160,000 

71.3 

3 

29.5 

Broken stone.... 

H-i 

10 0 

1,938,000 

120.1 

2 

20.5 

Broken stone.... 

J4-1 

8 0 

963,400 

74.6 

2 

21.2 

Broken stone.... 

K-i 

5 0 

926,600 

114.7 

2 

6.2 

Coarse clinker... 

Vi-m 

5 9 

886,000 

95.4 

6 

12.4 

Coarse clinker.. 

H-m 

3 10 

949,000 

163.6 

1 

7.3 

Fine clinker. 

y*- y* 

5 9 

896,600 

96.6 

14 

22.0 

Fine clinker. 

H- H 

3 10 

908,900 

147.1 

6 

5.0 


' Six days a wiwA. 
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Btation, is given in Table 84, but this time relates only to the condi¬ 
tions of those particular experiments (o). Dunbar (6) found that if a 
(piantity of sewage etpnil to the water-retaining capacity^ of a filter 

ft. d(^ep is applied to such a bed, 20 to 30 min. elapse before that 
sewage is discharged from the bottom. 

Numerous experiments with trickling filters of different sizes of coal, 
gravel and clinker from refuse dcst’^iictors were carried out by Clifford 
(7), who concluded from the results he obtained that the time of percola¬ 
tion through clean liltering material varies inversely as the rate of 
sprinkling and directly as the quantity of water taking part in the 
general water movement through the bed, the quantity of water in 
motion being generally r(‘presented by the interstitial water. 

American }3ractice shows a tendency to use stone ranging from ^ to 
3 in. in siz(* for trickling filters. It is common practice to use as small 
material as is consistent ^^ith abundant air supply, avoidance of surface 
(flogging and freedom to u’ load from time to time the solids which 
l^ave accumuhifc('d in the filter. Unloading is apparently facilitated 
by having the filtering material fairly uniform in size, for if the voids 
between the large stones are filled with finer stone , the sewage solids 
may bo retained indefinitely in the bed and cause clogging. In practice, 
difficulty is often exjierienced in securing stone within the specified 
sizes and, unless fine material is dcfinitelj^ excluded at the crusher, 
it may be desirable to rcscreen the stone before placing it in the filter. 

According to Winans (8), for an extension to the filters at Fort Worth, 
Tex., dust was blown out of the rock at the crusher plant by using air 
under pressure from a blower. The material was then delivered to the 
filter in cars, which were run right out over the bed and unloaded. At 
Wichita Falls, Tex., as outlined by Helland (8), the stone ‘Vas placed 
by shovel from tracks running over .the stone. Immediately after 
being ]ilaced, the fire hose was turned on it and it was washed that way. 
Since that time, as far as I know, there has been very little fines coming 
out of the plant.” 

The character of the applied sewage affects the selection of the size 
of filtering medium. The more thoroughly the suspended matter is 
removed by preliminary treatment, the finer may be the filtering 
medium which it is safe to choose. Generally sewage is fairly well 
settled before it is applied to trickling filters, in order to reduce to a 
minimum the danger of clogging and to avoid placing upon the filter a 
burden of work which can be performed by less expensive structures 
like tanks. 

The stone in the bottom 5 ft. of filters at Aurora, Ill., ranges from 
IH to 2 in, in size and that in the top foot from 1 to IH in. The 

I The water-retaining capacity of a soil is defined as the volume of water which remains 
in the soil after drying the soil, filling it with water and allowing the excess water to drain 
away. 
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filters at Madison, Wis., are filled with crushed dolomite limestone, 
10 ft. deep. At the bottom is a 12-iii. layer of to 5-in. stone, then 
7 ft. of to 3-in. stone and on top 2 ft. of ’ 2 - to 1-in. stone. 

The sizes of filter medium selected for various trickling filters in this 
country are given in Table 92. 

Choice of Depth of Bed. —^Among the factors to be considered in the 
choice of trickling-filter depth are the effect of bed depth on efficiency, 
unit loading, surface clogging, ventilation and distribution of sewage; 
the head available; the economy of construction; the economy of 
operation; and local topography. 



Fig. 122.—Effect of trickling-filter depth on :immouia reduction. 


Opinions differ as to the effect of depth upon permissible filter loading. 
There is shown in Fig. 122 the ammonia removal at different depths 
recorded by various observers for trickling filters receiving the same 
quantity of sewage per square foot of surface area. It appears from this 
plotting that the percentage ammonia reduction j)er foot of depth is 
practically constant; the quantity of ammonia removed per foot of depth 
naturally decreases, however, as the quantity remaining diminishes. 
The lower depths of the filter are therefore required to do less work than 
the upper ones. Studies of nitrification effected yield similar infor¬ 
mation. Filtration is an oxidation process and the effectiveness of 
the lower filter strata depends to some degree upon the efficiency of 
ventilation. 

Offsetting to a considerable extent these possible disadvantages of 
greater depth is the fact that the time of contact seems to increase 
geometrically with depth and the quantity of sewage which can be 
treated per unit area of bed increases at a greater rate than the increase 
in depth. Thus linalysis of Clarkes observations at Lawrence shows 
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that, for a given dosage of sewage per acre, the time of contact is prac¬ 
tically doubled for every increase in depth of 2 ft. and that a filter 10 ft. 
deep has the same period of contact when receiving 2.5 mil. gal. an acre 
daily as a 4-ft. bed dosed at one fifth this rate. 

Tests on trickling filters have been conducted for many years at the 
Tjawrence experiment station. Results of oj^eration during 1928 of 
eight filters constructed of similar uiaterials, ranging from 4 to 10 ft. 
in depth and operated so as to secure a relatively uniform degree of 
purification, are given in Table 85 (9). 


Table 85.— Operating Data on Experimental Trickling Filters of 
Various Depths, with Relatively IIniform Degree op Purification 


! 

Filter 

No. 

« 

Depth 

of 

bed, 

ft. 

1 

(Quantity 
of Bowage 
applied, 
gal. per 
acre dsilj 

Gah 

per 

* Irt-ve*. 

ft. 

dail> 

Aim 

1 Free. 

1 p.p.m. 

1 

I 

uunia 

Kjel- 

dahl 

nitro¬ 

gen, 

p.p.m. 

Ni¬ 

trate 

nitro¬ 

gen, 

p.p.m. 

i 

Oxy¬ 

gen 

con¬ 

sumed, 

p.p.m. 

Bacteria 

per 

cc. 

1 

j Albu- 
1 minoid, 
j p.p.m. 

i 

462 

4 

787,0(j 

196.000 

20.6 

4.1 

7.5 

12.6 

26.7 

600,000 

453 

6 

984,000 

164,000 

26.1 

4.1 

7.1 

12.7 

26.9 

400,000 

454 

8 

1,521,000 

190.000 

14.6 

3.7 

6.8 

18.3 

21.3 

200,000 

455 

10 

3,432,000 

,343,200 

19.8 

3.5 

6.8 

14.4 

22.9 

140,000 

473 

6 

489,000 

81,600 

22.3 

3.7 

6.3 

7.5 

23.3 

600.000 

474 

8 

1,4fi5,000 

183,000 

23.5 

3.5 

6.1 

4.3 

22.1 1 

310,000 

475 

10 

3,432,000 

343,200 

16.6 

3.7 

7.1 

13.4 

24.2 

420,000 


Filters Nos. 452, 453, 454, and 455 were put in operation in May. 1914, 
and were constructed of stone that would pass a l^i-in. screen and be 
retained by a ? 4 -in. screen; filters Nos. 473, 474, and 475, constructed 
of a coarser broken stone, all of which would pass a 3-in. screen and be 
retained by a screen, were placed in operation in April, 1915. 

Analyses of tlie settled sewage treated show an average of 37 p.p.m. of 
free ammonia, 6 p.p.m. of total albuminoid ammonia and 35.8 p.p.m. 
of oxygen consumed. 

With reference to the tests Clark (9) states 

A study of this table will make clear the fact, as has been stated frequently 
in these reports, that the deeper filters will receive sewage at a much greater 
rate than would be expected by a comparison of their depths. For instance, 
Filter No. 455, 10 ft. in depth, was operated during the year at a rate some¬ 
what more than four times as great as that of Filter No. 452 constructed of 
the same material .and 4 ft. in depth and with slightly better purification 
results not only in the removal of organic matter but of bacteria. 

Filter No. 475,10 ft. deep, was operated at a rate about seven times as 
great as that of Filter No. 473,6 ft. deep, and effected better purification. 
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Unfortunately most, if not all, of the other tests which have been 
used as a basis of judgment upon this subject were not performed in 
such a way as to secure such a uniform degree of purification and the 
value of the tests in indicating volumetric efficiency is subject to doubt. 

During the year 1920, filters 4, 6, 8 and 10 ft. deep were operated at 
Lawrence at about the same rate per foot of depth, or approximately 
170,000 gal. per acre-foot daily. The results of operation are given 
in Table 86 (10). 


Table 86.—Average Results of Operation of Experimental Trickling 
Filters of Various Depths, Dosed at a Uniform Rate per Foot of 

Depth 


Filter 

No. 

Depth 

of 

bed. 

ft. 

Quantity 
of sewage 
applied, 
gal. per 
acre daily 

Ammonia 

Kjel- 

dahl 

nitro¬ 

gen, 

p.p.m. 

Ni¬ 

trate 

nitro¬ 

gen, 

p.p.m. 

1 

Oxy¬ 

gen 

con¬ 

sumed, 

p.p.m. 

Hac- 

tcria 

per 

(*C. 

Stable 
samples, 
per cent 

J'ree, 

p.p.m. 

Albu¬ 

minoid, 

p.p.m. 

452 

4 

686,000 

37.1 

7.3 

13.3 

12.6 

40.3 

1,323,000 

85 

453 

6 1 

967,000 

32.1 

5.8 

10.4 

21.0 

32.4 

637,000 

90 

454 

8 1 

1,357,000 

30.0 

5.8 

9.9 

18.3 

34.3 

532,000 

96 

455 

10 

1,751,000 

27.7 

5.2 

10.0 

20.5 

33.8 

653.000 

100 


These results indicate that the degree of purification obtained, when 
the filters were loaded in proportion to their depth at a rate of about 
170,000 gal. per acre-foot daily, increased somewhat with the depth, 
particularly as shown by the relative stability of the effluents. 

Studies made by Buswell and Strickhouser (11) on samples of filter 
effluent taken at intervals of 2 ft. in depth from a trickling filter at 
Urbana-Champaign, III., led them to conclude as follows: 

The data secured indicate that the quality of the final effluent from the 
10-ft. filter is no better than that from the 6-ft. level of the filter. The 
additional depth over 6 ft. docs not cause more satisfactory effluent to be 
produced at materially higher rates thr.n could he expected from a 6-ft. 
filter. Moreover, clogging and ponding become limiting factors in the 
employment of high rates of filtration. 

The results point to the generaUzation that there is an optimum d(‘pth of 
filter beyond which it is ncitlier necessary nor advisable to go in the installa¬ 
tion of a plant. In the filter under investigation at tJrbana the maximum 
amount of purification was brought about at a depth of 6 ft., and the addi¬ 
tional depth did not appear to be advantageous, but it is undoubtedly true 
that this same depth might not be the optimum with different sewages and 
under other conditions. 

The item of ventilation requires consideration with respect to the 
depth of filters, ior if the oxygen in the air and in the sewage passing 
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through the filter is used up before the bottom is reached, the lower part 
of the filter Will be ineffective. The oxygen requirements are greater 
in treating unusually strong sewages or industrial wastes having a 
marked avidity for oxygen than when ordinary domestic sewage is 
treated. If the capacity of a filter is based upon a certain per capita 
volume, such as 2000 persons an acre-foot, with abnormally dilute 
sewage a deep filter requires the application of a relatively large volume 
of sewage per unit of area. This consideration may lead to the adoption 
of a filter of moderate depth. 

Organic growths have appeared at times on some filters, more or less 
clogging the surface layer. This condition is governed largely by the 
character and size of the surface filtering medium and the efficiency of 
preliminary clarification. For deep beds, a relatively greater quantity 
of sewage may he applied per unit of superficial area, as well as a 
correspondingly greate' load of sev age solids, than for shallow beds, so 
that there is opportunity fur greater surface clogging and consequent 
(Obstruction of the circulation of air. However, the 10-ft. filters at 
Fitchburg, Mass., have been operated at rates exceeding 3.5 mil. gal. per 
acre daily without impairment of efficiency. 

Uneven distribution may result in clogging overdosed areas relatively 
quickly in the case of deep beds, because of the higher rate of application 
j)er unit of area. If portions of the filter area must be rested from time 
to time on account of surface clogging, or flooded for control of Psychoda 
or for cleaning of the medium, a larger proportion of the filter may be 
out of use in the case of deep beds. 

Since the head lost in flow through the filter is equal to the depth 
of the bed, the head available is an item to be considered. The saving 
of 2 to 4 ft. in depth of filter may in some instances make pumping 
unnecessary or, if pumping is required, it may effect a saving in pumping 
charges. 

The cost of trickling filters per unit of volume decreases with the 
increase in depth, owing principally to the reduced cost of floor, under¬ 
drainage and distribution systems with deeper beds. Estimates made 
in 1914 by one of the authors, based on the contract prices for the 
trickling filters at Fitchburg, Mass., showed that the cost per effective 
cubic yard of filtering medium was $4.54 in the case of 6-ft. depth, 
$4.20 with 7-ft., $3.96 with 8-ft. and $3.60 with 10-ft. depth. If the 
quantity of sewage which can be purified satisfactorily by trickling 
filters is proportional to the depth, the deeper filters will be the more 
economical ones. If the quantity of sewage which can be purified 
satisfactorily is greater than proportional to the depth, as indicated by 
Clark’s experiments, the relative economy of the deeper filters will be 
still further increased. If, however, as concluded by Buswell, there 
is comparatively little purification below the 6-ft. level, there is no 
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economy and little justification in building filters deeper than 6 ft. If 
the capacity of a filter is proportional to its depth, local topography 
and limitations of available area may influence the choice of depth in 
favor of the deeper filter. 

Trickling filters are commonly 5 to 10 ft. deep, 6 to 8 ft. being con¬ 
sidered a satisfactory mean. Depths of several installations are shown 
in Table 92. 

TricWing-filter Loading.—Opinions differ as to the permissible loading 
of trickling filters, despite the long years of successful operation of a 
large number of installations. There is no really satisfactory way of 
expressing tlie loading. The rate at which sewage may be filtered to 
yield an acceptable effluent apparently depends, among other things, 
upon the quantity and nature of the organic matter in the applied 
sewage, the size and character of the filtering material and the depth 
of the filter. It is not possible to combine into a single unit these 
factors which themselves are constituted of a number of variables. 
The most common methods of expressing filter loading are, therefore, 
limited to a statement of either the population served per acre or per 
acre-foot or the quantity of sewage treated per acre or per acre-foot. 
Loadings are sometimes expressed in terms of cubic yards of filtering 
material. Where abnormal quantities or strengths of industrial wastes 
are included in the flow treated, the industrial wastes may be converted 
to terms of equivalent population, in order to derive comparative filter 
loadings. Correct interpretation of filter loadings, however expressed, 
requires familiarity with the factors listed above. 

Tests were run on the trickling filters at Fitchburg to determine their 
effective capacity. Allen (12) reports the results as follows: 

The operation of 69 per cent of the total area of the trickling filter from 
Nov. 30, 1918, to May 26, 1920, has shown that the filter is capable of 
treating the sewage of more than 30,000 persons per acre per day. . . . The 
efficiency of that portion of the filter in use prior to May 27 was well main¬ 
tained as shown by the chemical analysis and all samples of final effluent were 
perfectly stable for at least 14 days. 

During the four months ending June 30, 1919, the average flow 
treated per acre was more than 3.5 mil. gal. daily without impairment 
of efficiency. 

The capacity of trickling filters is somewhat influenced by the strength 
of sewage treated. A method of determining filter loading in terms 
of the organic constituents of the applied sewage is explained in Chap. 
XVIII. 

The requirements of the British "Ministry of Health regarding the 
dry-weather flow per acre-foot of trickling filter, composed of material 
which will not pass a 1-in. screi^jn, are given in Table 87. Such filters 
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Tablk 87. —Stipulation of British Ministry of Health as to 
Allowable Loading of Trickling Filters Treating Dry-weather Plow 
U.S. gal. per acnvfoot daily 


Pn^liniinary treat,rnctit. 


Grit chamber. 

Plain-sedimentation or sepde tank 
(Chemical precipitation. 


Character of sewage 


Strf)ng 

j Aveivige 

Weak 

20,000 

48.r>()0 

77,500 

87,000 

136,000 

194,000 

126,000 

194,000 

290,000 


Table 88.—Loadings Prov idi d for in Design of Trickling Filters 


T 

1 

! 

1 

Hate of filtration 

Population 






of design 



A v'orage 





Location 

-ea. 

depth. 

“ ■■ 

. 




:u*res 








.t. 

Mil. gal. per 

Gal. per 


Per 




.acre daily 

acre>ft. 


acre- 





•’aily 

acre 

.ft. 

Akron, Ohio. 

ia.74 

10.0 

2.,362 

236,200 

18,9.30 

1893 

Aurora. Ill. 


6.0 

1.8 

300.000 

20,800 

3933 

Baltimore, Md. 

30 

8.5 

2.5 

293.000 

20.000 

23.50 

iiloomingtou, 111. 

2.5 

8 

1.441 

169,000‘l 

21,600 

2700 


6.8 

7.0 



20,000 

2857 


6.08 

10.0 



40,000 

4000 

ColurnbiiH. Ohio. 

10.0 

5.33 

3.41 

640,000 

20,000 

I 3750 

Decatur, Ill. 

3.0 

5.7 

2.66 

467,000 

20 , 000 ! 

3500 

Dehiw’are, Ohio. 

0.65 

8.0 

2.64 

330,000 

26,400 

; 3300 

Durham, N. C. 

1.0 

7 



lO.OOv. 

I 1429 

Klgin, Ill. 

1.6 

8 

2.18' 

263,0001 

24,500 

2950 

Fitchburg, Mass. 

2.07 

10.0 

2 0 

200 000 

20,000 

2000 

Fort Worth, Tex.3. 

3.0 

9 

2 5 

278,000 

41,700 

4640 

Fort Worth, Te.x.<. 

4.0 

9 

4.0 

444,000 

56,260 

6250 

Fostoria, Ohio. 

0.85 

7 

2.35 

335.000 

17,500 

2500 

Gloversville, N. Y. 

3.07 

5.0 

1.0 

200,000 

6,600 

1300 

T.exington, Ky. 

2.0 

6.0 

1.75 

! 292,000 

14,000 

2330 

Lincoln, Neb. 

2.6 

6 

1.73 

1288.000 

38,400 

6400 

Madison, Wis.®.. 

2.22 

10.0 

2.25 

225.000 

18,000 

1800 

Marion, Ohio. 

1.4 

10.0 

0.85 

85,000 

28,600 

2850 

Maynard. Mass. 

0.24 

8.0 

2.0 

250,000 

20.800 

2600 

Pontiac, Mich. 

1.74 

6.0 

2.32 

370,000 

29.800 

4950 

San RernnrHino, Oal . 

2.6 

7 



24,000 

3429 

Schenectady, N. Y. 

3.07 

5.0 

2.0 

400,000 

21.670 

4334 

Springfield, Mo. 

2.5 

6 



19,000 

3167 

Urbana-Champaign, III. 

1.6 

10 

0.85‘ 

86,0001 

28,100 

2810 

Worcester, Ma.sa. 

5.12 

10.0 

3. .38 

338,000 

26,oon 

3500 


* Loading during 1927. 

® Southerly plant. 

3 Initial plant, 1924. 

* With nddltion-s, 1929; hr. preliminary aeration with activated sludge. 
® Nino Springs plant. 
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may be used for storm flows up to three times the dry-weather flow. 
In this connection, it should be remembered that weak British sewage 
is much stronger than American sewage. 

The rate of dosing trickling filters can be greatly increased if pre¬ 
liminary partial treatment by aeration is provided. Partial aeration 
is being utilized at Birmingham, England, Decatur, Ill., and Lemoore, 
Cal. This method of treatment, discussed in Chap. XXIV, may be 
especially advantageous where extension of existing trickling filters is 
difficult, uneconomical or unsuitable. 

At Decatur the strength of the sewage is greatly increased by the 
discharge of starch-works wastes into it. Studies at a testing station 
showed that, within reasonable limits, trickling filters with an average 
depth of 6 ft. could be operated at a relatively constant loading of 5-day 
biochemical oxygen demand amounting to 7500 lb. an acre daily (13). 

During warm weather filter loadings might be appreciably increased, 
but generally the volume of sewage at such times is below the average 
for the year. The increased efficiency of the filter is more likely to be 
evidenced by the production of a better effluent, which is a favorable 
condition, because at higher temperatures the oxygen demand of streams 
increases and their flow at such times is usually relatively low. 

The loadings provided for in the design of various filters arc given in 
Table 88. It may be observed that there is a wide range in the loadings 
tabulated. The average rate of filtration provided for is about 2 m.g.d. 
per acre and 300,000 gal. daily per acre-fool. The population pro¬ 
vided for averages about 23,000 persons per acre and 3200 persons 
per acre-foot. 

The loadings of certain Ohio trickling filters, expressed in terms of 
B.O.D., have been given in Table 83. 

Dosing Cycle. —Intermittency of operation is secured in trickling 
filters by the movement of rotating or traveling dosing mechanisms over 
the bed, by the intermittent discharge of sewage onto splash plates or, 
more generally, through nozzles, the head on the nozzles being varied 
during the dosing period, or, in the can' of small units, by the movement 
of a tipping-tray mechanism, described in Chap. XXX. In general, 
the cycle is completed in 5 to 15 rain., with approximately equal periods 
of rest and sewage application. Resting periods of too great length 
foster drying or freezing of the filter and excessive loading at times of 
dosing, entailing less satisfactory dispersion of the sewage through the 
bed. There seems to bo a general tendency to reduce the period of 
rest to a minimum, when nozzles are employed which operate under 
varying heads, because this method of distribution ensures sufficient 
intermittency for different parte of the bed. 

The average dosing and resting times for several trickling filters in 
Illinois are given in Table §9 (14). 
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Table 89. —Dosing Cycles of Trickling Filters in Illinois 



Area of 

Depth of 

Number 
of units 

Dosing 

Resting 

Location 

filters, 

acres 

filters, 

ft. 

ti.ne, 

min. 

time, 

min. 

Bloomington-Normal. 

2.5 

8.5 

4 

8.1 

29.7 

Chicago Heights. 

1.1 

6.0 

4 

0.2 

3.4 

Decatur. 

3.0 

6.0 

2 

.‘i. 4 

6.8 

Elgin. 

1.63 

8.3 

2 

4.2 

22.8 

Johnston City. 

0.34 

6.5 

2 

3.2 

13.0 

Urbana-Champaigu. 

1.6 

10.0 

2 

2.4 

1 12.7 

1 


There appears to be some difference of opinion as to the value of 
periods of recuperation of longer duration than the rest periods occa¬ 
sioned by the dosing 'jycle. The experience of the authors has been 
tfiat a recuperation period of 24 hr. or more is of great assistance at times 
in aiding trickling filters to unload accumulated solids. Similar resting 
in rotation of portions of filters affected by organic growths has some¬ 
times proved of marked benefit. The length of the recuperation period 
is governed by the extent of the clogging and the results obtained by 
actual operating tests. 

The dosing of trickling filters is usually made automatic. Discussion 
of automatic dosing apparatus is deferred to Chap. XXTTI, but dosing 
tanks, together with the hydraulics of nozzles and dosing tanks, are 
considered later in the present chaiiter. 

Size, Shape and Number of Filters. —The area of filters may be 
controlled by limitations of depth, or depth may be controlled by limita¬ 
tions of area available. When adequate area is available at suitable 
elevation and the depth has been selected in conjunction with unit 
loading, the total area of the filter beds becomes a question of ariihrnetic. 
When the filters are dosed by fixed nozzles, the distribution system is 
designed to provide as many dosing units as desired. 

If, for purposes of controlling the development of filter flies or cleaning 
the filters, as suggested by Hommon, it is desired to flood the filters 
from time to time, it may be advantageous to divddc the filter into a 
number of units, so that one unit at a time may be flooded without 
unduly loading the units remaining in operation. This arrangement 
involves the construction of division walls and separate drainage 
systems for each unit. 

At Columbus, Ohio, the 10 acres of trickling filters^ are divided into 
four units, in the form of equilateral triangles with a common apex, as 

1 The trickling-filter installation at Columbus is now beiiiR roplactni by a larger aetivato<l- 
eludKc plant. 
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shown in Fig. 123. At Canton, Ohio, the tHckling filter is composed of 
four units of 1.7 acres each, making a total of 6.8 acres. At some plants 
filter units are much larger, the unit area being* 13.74 acres at .^ron, 
Ohio, 6.08 acres at Cleveland, Ohio, and 5.12 acres at Worcester, Mass. 

Filters dosed by rotating distributors are commonly circular. The 
size of such filters is limited by the economical and practical size of the 



Fig. 123. —Arrangement of trioklin; Alters‘ at Columbus, Ohio. 


distributing device and is influenced by the fact that it is less expensive 
to build a few large beds than many small ones. Stationary nozzles 
may be employed in connection with rotating distributors, filling in the 
spaces between circles of influence. For filters using mechanical dis¬ 
tributors more than one distribution unit is commonly provided, so that, 
in case repairs become necessary, the entire plant need not be shut down. 
The Royal Commission on Sewage Disposal recommended not less 
than three such units for each plant. There is a decided advantage 

I The trickling'fiHer Installation at Colutubus is now being replaced by a larger 
activated'siiidge plajit. ' '! 
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in having small distribution units, for they permit the periodic resting 
of portions of the filter. 

Distribution of Sewage. —The most desirable means of distributing 
sewage over the beds produces as nearly uniform loading of the filter as 
is obtainable, subject to considerations of economy. The higher the 
rate of dosing, the more important becomes uniformity of distribution. 
It follows that the distribution systems developed for trickling filters 
are more elaborate than those employed in the older filtration methods. 

Several different means have been devised for securing moderately 
uniform distribution of sewage over trickling filters. Some of these are 
outlined in the following schedule. 

1. Moving distributors 
a Revolving 

h. Traveling the '»eD'»th of the bed 
c. Tipping trays 
♦ 2. Stationary distribi tors 

а. Splash places 

б. Spraying nozzles 

c. Filtering layer of fine material 

Objections raised to the use of moving distributors for large installa¬ 
tions are troubles with interruptions due to wear of the moving parts, 
deposition of solids in troughs feeding traveling distributors, freezing 
troubles in cold climates and clogging of small holes or openings dis¬ 
charging sewage over the bed. 

Revolving and traveling distributors have been used quite extensively 
in Great Britain and its dominions and to some extent in the L’nited 
States. They are considered in detail below. 

Tipping trays are used only for small installations, notably in connec¬ 
tion with lath filters, where they require triangular boards to assist in 
obtaining uniformity of distribution. 

Splash plates commonly receive streams of sewage from openings in 
the bottoms of troughs or pipes. Each plate consists of a concave 
metal disk, placed above the bed surface, upon which the sewage falls 
and from which it rebounds upward and outward in the form of spray. 
The use of splash plates is open to the objection of clogging of the 
supply openings and freezing of the exposed distribution system. They 
have been used to only a limited extent. 

Dunbar at Hamburg secured an even distribution of sewage by using 
small-sized ballast at the surface of the filter. Such beds are dosed 
by means of a central trough and sewage percolates into the filtering 
material. Dosing is continued until the surface of the bed clogs; the 
bed is then thrown out of service for rest and surface cleaning. This 
type of filter has found only limited application. 
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Spraying nozzles are employed almost exclusively for dosing trickling 
filters in the United States. They are considered in detail on page 610. 

Revolving Distributors.—Revolving spray distributors for dosing 
circular filters commonly consist of four horizontal arms revolving about 
a central post. The distributors are made in sizes ranging from 15 to 
225 ft. in diameter. 

The largest installation in the United States is at the plant designed 
by Hubbell, Hartgering and Roth for Pontiac, Mich., where eight 
revolving distributors, 110 ft. in diameter, are installed. The popula¬ 
tion provided for in design was 60,000. The distributors, illustrated in 
Fig. 124, are driven by the available hydrostatic head of 2 ft. 8 in. 
between the water surface in the Imhoff tanks and the surface of the 



Fio. 124 .—Revolving distribution on trickling filters at Pontiac, Mich. 


inters. The manufacturers claim that the machines can be operated 
on 18 in. of head while discharging at a rate of 3 mil. gal. per acre daily. 
The revolving arms, four to each bed, are suspended from a central 
bearing. Each arm has a series of J^-in. openings spaced at varying 
intervals, from 12 in. near the center to 3 in. at the periphery of the 
filter. The normal peripheral speed of rotation is about an average 
walking gait. Operation of the Pontiac distributors is described by 
Shephard (15) as follows: 

It seems to be the general opinion mat filters of this type cannot be 
operated in climates similar to those of the northern United States. This 
has not been the case at Pontiac. I'hese filters have operated through seven 
or eight Michigan winters, where zero temperatures are not at all unusual, 
and have given no trouble. A ring of ice will sometimes form around the 
outside wall. The operator readily overcomes this difficulty by opening 
shear gates at the ends of the arms for a few minutes. The increased flow 
melts the ice ring sufficiently to prevent trouble. This is necessary only 
under exceptional circumstances. In fact the net area of filter under ice is 
a materially less percentage with this type than with the fixed-nozzle type 
operating at Plymouth, about thirty miles away. In the eight years of 
operation of this plant the only repairs to the filter mechanism were the 
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replacement of some bearings. Probably the entire repair bill did not 
exceed $260, including labor. In operation these distributors are relatively 
easy to keep clean. When the holes in the arms become stopped up a hose 
stream is found very effective in cleaning them. The entire eight units can 
be cleaned in about two hours. 



Fig. 125.—Standard for ball-bearing-supported distributor. {Adams,) 

A. Supply pipe. M. Entrapped air. 

B. Duck-foot bend. O, Slots. 

C. Adjustable head carrying ball bearings. P. Revolving body. 

E. Lubricator. S. Spray arms. 

G. Flange carrying head. Z. Wash-out valve. 

The weight a revolving distributor may be carried either by ball 
bearings at the top of the central vertical standard, as in Fig. 125, or 
by a float, as in Fig. 126. 

The cost of distributors 50 ft. in diameter is about $1500 per unit, 
while 100-ft. units cost about $2300 and 120-ft. units about $2600. 

Normally filter beds are made circular when dosed by revolving 
distributors. Fixed spray nozzles are used at Darwen, England, for 
areas in a rectangular bed not covered by revolving distributors. Such 
nozzles operate at a low fixed head. 
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Traveling Distributors. -Although traveling distributors have been 
used to some extent in England, British possessions and Germany, 
they have seldom been installed in the United States. They usually 
take the form of a low truss, spanning a rectangular bed and moving 
back and forth on its side walls, while distributing liquid over the bed in 
various ways according to the type of machine. The liquid is commonly 
siphoned out of a channel running either along one side of the bed or 



Fig. 126. —Standard for float-support jd distributor. {Candy-‘Whittaker.) 

between pairs of beds and passes through a feed tube running the whole 
length of the distributor. This tube has apertures through which the 
liquor drops into the buckets of a long water wheel. The feeding 
arrangements are reversed at either end of the bed by a buffer attached 
to the masonry and, as soon as reversal occurs, the apparatus begins its 
return trip. Another form of traveling distributor provides for con¬ 
tinuous travel down half of the filter unit, around a semicircular end 
and back on the oilier half. 

Traveling distributors, provided for trickling filters at Springfield, Mo., 
were placed in operation in 1913. The plant has a design capacity of 
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Fig. 127.—Tri* veling distributor at Springfield, 
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3,500,000 gal. daily. The filter beds comprise six units, each 53 ft. 9 in. 
wide and 200 ft. long. At designed capacity the rate of dosing is 
2.35 mil. gal. per acre daily. The distributors are designed to distribute 
the sewage upon the beds with a loss of head not to exceed 12 in., 
when the liquid is applied at the maximum rate of 3.5 mil. gal. per acre 
daily. Six distributors are provided, each 50 ft. long and spanning one 
filter unit. Each distributor is supported on 3 rails spaced 25 ft. center 
to center. The length of travel is 200 ft. As first installed the dis¬ 
tributors were driven by an endless wire cable with a speed of 38 ft. a 
minute. Because of the expense of maintenance of the driving equip- 



Fig. 128.—a, Worcester type of nozzle; 6, Taylor aquare-spray nozzle. 


ment and the difficulty of securing spare parts, the distributors were 
later equipped with direct motor drive. One of the distributors is 
illustrated in Fig. 127 (16). 

Although the winters at Springfield are severe. Potter stated in 1916 
that it never had been found necessary, because of freezing weather, 
even temporarily to abandon the use of mechanical distribution (17). 

During the World War considerable difficulty was experienced with 
the distributing machinery, as it was almost impossible to get replace¬ 
ment parts from England, and as a result the plant became more or 
less inefficient. 

Spraying Nozzles. —Spray nozzles for trickling filters are made in 
several patterns, some throwing k spray which covers an approximately 
square area and others dosing a circular area. A typical circular-spray 
nozzle is shown in Fig. 128a, illustrating the nozzle developed at 
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Worcester, Mass. It has at the base of the spraying cone a rim or lip, 
the function of which is to break up the sewage into a fine spray and 
spread it over a wide area. The spindle has a locking device permitting 
its ready removal for cleaning the orifice. A typicel square-spray 
nozzle, designed by Taylor, is shown in Fig. 1286. It has an orifice 1 in. 
in diameter, through which a spindle passes, carrying a four-lobed spread¬ 
ing cone, which is intended to thrc v the desired square-covering spray. 
The distributing cones of such nozzles must be kept in a definite position 
in order to spray contiguous square areas. These nozzles are designed 
to concentrate the spray in a narrow zone and their success in use 



Fig. 129.—Akron type of nozzle. 


depends upon rapidly varying the head of the applied liquid. Taylor 
nozzles also are made to spray hexagonal and circular areas. 

A nozzle used at Akron, Ohio, which was designed by Allton and 
Backherms and patented by the latter, is shown in Fig. 129. It consists 
of a threaded bushing that is screwed into the distribution pipe, and a 
dome attached to this bushing by lugs, which bear against the underside 
of a notched collar on the bushing. A threaded spindle is screwed into 
an arm on the inside of the dome. The spindle-and-dome assembly is 
removable for cleaning by giving it only part of a turn before lifting out. 

A type of nozzle recently developed by the Pacific Flush-Tank Co. 
provides for ease in removal for cleaning the orifice section and cone. As 
shown in Fig. 130A, by means of a special pair of pliers, a spring which 
engages three lugs on the base is slightly compressed, thus permitting the 
removal of the orifice section. A further advantage claimed for the 
nozzle is that, by removing the orifice section, inverting it and replacing 
it in the base, the cone will serve as a plug and stop off the nozzle. 
The size of the nozzle base is iu., making possible its installation in 
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smaller distribution piping than the 2-in. size heretofore coninionly 
employed. The nozzle is manufactured in ■?j-in. and Js-in. sizes. 

Two other types of circular-spray nozzles furnished by the Pacific 
Flush-Tank Co. are shown in Fig. 130. 

A flotation type of nozzle, shown in Fig. 131, has been developed by 
Nelson (18) for the distribution of sewage on trickling filters, from the 



Flo. 130.—Circular-spray nozzles ni'.de by Pacific Flush-Tank Co. A, 
Type “D’' circular-spray nozzle; P, “A’' circular-spray nozzle; C\ type 
“C” half-spray nozzle. 


Sacramento nozzle used in the aeratiiin of water. An advantage claimed 
for this type of nozzle is that clogging is practically eliminated and, if 
it should occur, it is necessary only to lift the cone in order to remove 
the obstruction. 

Nozzles having small orifices generally produce a relatively fine spray, 
somewhat greater absorption by the sewage of atmospheric oxygen and 
a more uniform distribution, but the cost of keeping them clear may be a 
substantial item. . If the orifice is so large that the sewage is delivered 
to the bed in a sheet, the sirOamiug effect may prevent efficient oxida- 
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tioii. With a fine apray more odor and a greater reduction in the 
temperature of the sewage during cold weather are to be expected than 
with a coarse spray. 

Other conditions being equal, the no/zle which sprays the greatest 
area under a given head is the most economical. If this result is 
secured by a concentration of spray in a narrow ring, satisfactory 
distribution depends upon a rapid variation in head during the discharge. 
The efficiency of practically all fixed nozzles may be greatly improved 
by a variation in head, because a coinjiaratively 
large proportion of the discliarge is concentrated 
upon a relatively narrow >iug of the filter area if 
the head is constant. Mc'thods of causing such 
variations are explained later in this chapter. 

The hydraulics of spra}' nozzles will receive 
further attention in t) ' ..ollowing section and 
methods of automatic dosage control are outlined 
ill Chap. XXIIl. 

Mains for distributing sewage to fixed nozzles 
may be of concrete or Wtrifieti pipe encased in 
concrete, but the smaller sizes arc preferably of 
cast-iron pipe with lead or composition joints. 

The pipes are made large enough to avoid undue friction and 
consequent loss of head at the mizzles, h^conomy of construction 
requires the lateral distributors to be relatively short to avoid the use 
of large pipe. 

The distributing laterals may be laid just above the filter floor, as 
at Columbus; nearer the surface, as at Baltimore; or at the ‘urface, 
as at Fitchburg, They may rest on the filtering material with no other 
foundation, but if it should become necessary to remove the filtering 
material, the pipes then would have to be supported or temporarily 
removed. Facilities for flushing and draining the distribution system 
are generally provided. 

In certain cases fractures have occurred in lateral distributing pipes 
owing to excessive pressures. If these pi{)es are laid at the bottom of 
the filter, repairs upon them entail excavation of filtering material, 
which adds greatly to the cost of the repairs. Placing the laterals at 
or near the surface makes them more accessible, but large pipes placed 
at the surface are likely to affect the uniformity of distribution somewhat 
and clogging is more likely to take place about the pipes than on the 
remainder of the area. In this case, also, the sewage in the distributing 
|)ipes is exposed to low temperaturesi in winter to a greater extent than 
when these pipes are below the surface of the bed. 

If the lateral distributors are at the surface of the filter, as at Fitch¬ 
burg, the nozzles may be attached directly to tlie distributing pipes. 



Fio. 131.—Flotation- 
type nozzle. 
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Nozzles are generally provided with 2-in. pipe-thread connections, 
which cannot be tapped into cast-iron pipes smaller than 6-in. Screwed 
pipe and fittings are therefore generally employed below the 6-in. size. 
If the lateral distributors are placed beneath the surface, riser pipes 
are necessary. The most common form of riser is cast-iron pipe jointed 
with bitumen or some other flexible joint-material. Screw pipe has 
also been employed. The riser is designed large enough to minimize 
friction, due allowance being made for a considerable deposit or growth 
on the inside of the pipe. Risers are commonly 3 in. in diameter. 
Long risers are more likely to become bent or broken during construction 
than are shorter ones. The elevation of the top of the riser above the 
filter does ordinarily not exceed 6 in., although certain types of nozzles 
afford better distribution when the nozzle is placed 12 in. or more above 
the filter surface. In cold climates the exposed portion of the riser is 



Fig. 132.—Nozzle connections to riser pipes. (Pacific Flush^Tank Co,) 

likely to cause trouble from freezing during the resting periods of the 
dosing cycle. Sloping the bed to equalize the heads on the nozzles, 
while feasible, results in a slow discharge or ‘‘dribble’’ of sewage from 
the nozzles at the lower elevations. This is not desirable. 

Connections between nozzles and riser pipes are made in three com-^ 
mon ways: When 3-in. wrought-iron pipe is used, for risers, a standard 
3 by 2-in. reducer coupling may be used to make the connection, as 
shown in Fig. 132a. When the risers are of cast-iron bell-and-spigot 
pipe, a special reducer, 3 by 2 in. in size, may be calked into the bell 
end of the riser, as shown in Fig. 1326. For connections to flanged pipe, 
a special 3- by 2-in. reducing flange raay be used, as in Fig. 132c. 

Experience indicates that there is less likelihood of freezing in the 
larger pipes at the bed surface than there is in the small riser pipes of 
the subsurface system. The surface system is coming into wide use, as 
it eliminates the riser pipes, the fittings necessary for connecting them 
and also the concrete piers which are required for the subsurface system. 

Hydraulics of Nozzles for Trickling Filters. —The hydraulic charac¬ 
teristics of various types of nozzles have been studied by the manu¬ 
facturers, such as the Pacific Flush-Tank Co., by the engineering 
experiment station of Purdue University, by the authors and by others. 
Figure 133 shows the distribution curves obtained in the Purdue experi- 
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ments for a Worcester-type nozzle (19). Generally speaking, the dis¬ 
charge through spray nozzles can be represented by the standard orifice 
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Fia. 133.—Distribution curves for 0.813-in. Worcester circular nozzle under 
difTercnt constant heads. 
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Nozzle Spocing, Feet 


Fiu. 134.—Discharge and spacing of Worcester-type nozzles. 


formula, Q == Cnan\/2gh„- The coefficients, (7„, obtained at Purdue for 
the Worcester nozzle range from 0.66 at heads of 8 ft. to 0.69 at heads of 
1 ft. The discharge of Worcester-type nozzles is shown in Fig. 134, 
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Circularnspray nozzles which are not spaced to give overlapping 
sprays cover only 78.5 per cent of a rectangular area, when placed at 
the centers of contiguous square areas, and only 90.1 per cent of the 
bed when arranged at the apices of equilateral triangles. Such a waste 
of filter area is undesirable. Accordingly the usual arrangement is to 
place the nozzles at the apices of equilateral triangles and provide for 
some overlapping of the sprays, as shown in Fig. 135. When fixed 
nozzles are used and the head remains constant, the quantity of liquid 



falling upon a unit area at the periphery of the wetted area is less than 
that at some lesser distance; and still nearer the nozzle the rate of fall is 
again less than the maximum. Uniform distribution over the surface 
therefore necessitates overlapping of the sprays at the time of maximum 
head, as well as a variation in. head upon the nozzles. 

While square-spray nozzles apparently will overcome the necessity 
for overlapping sprays, wind action and nozzle clogging affect all sprays 
in such a manner as in a measure to offset refinements of design of 
nozzles. Circular-spray nozzles seem to be preferred by operators 
generally. 
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Nozzle spacing has been worked out for the most common types of 
nozzles from studies such as those illustrated in Fig. 133 and from tests 
of experimental and existing installations. If allowance is made for 
overlapping of sprays and placing of nozzles at the apices of equilateral 
triangles, the net effective area of each nozzle is hexagonal in shape, as 
shown in Fig. 135. Along the edges of rectangular beds there remain 
areas, stippled in Fig. 135, which are uosed only in part and other areas, 
cross-hatched in Fig. 135, that receive no sewage whatever. Use of 
^^half-spray” nozzles along the edges has been resorted to. These are 
generally made by covering one half of the nozzle opening and attaching 
flanges which direct the spray inward. 

On the assumj)tion that the capacity of a trickling filter is approxi¬ 
mately proportional to its depth, a smaller volume of filtering material 

E f fedive Bed Ai co^Sq.Ft. per No2zlc 



Fig. 130.—Optimum spacing and effective area of %-in. Pacific F^ush-Tank 

nozzles. 

may be provided around the edge of a filter, or, in other words, the 
bottom of the filter may be made smaller in area than the top, thus 
effecting a considerable saving in filtering material. For example, at 
Fitchburg the length and width of the filters at the bottom are 5 ft. 
less than at the top. 

Complete utilization of the marginal strip is not practicable if wind¬ 
blown spray is to be kept on the filter. Marginal allowances of 18 to 
24 in. are frequently made. Selection of nozzle spacing is illustrated 
by an example in a following section. 

The spray limit, optimum spacing and effective area per nozzle for 
Pacific Flush-Tank Co. nozzles at various maximum heads are shown 
in Figs. 136 and 137 (20). The discharge in gallons per minute at 
various heads for these nozzles is shown in Fig. 138. The distribution 
curves of Pacific Flush-Tank nozzles with ?^-in. spindles under different 
constant heads are shown in Figs. 139 and 140. 
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The discharge and distribution curves for flotation-type nozzles with 
?^-in. spindles are shown in Figs. 141 and 142 (18). It is claimed that 



Fio 137.—Optimum spacing and effective area of i-in. Pacific Flush-Tank 

nozzles. 


this type of nozzle secures better distribution, as the discharge falls off 
to a lower rate at the low heads than in the case of nozzles with fixed 

cones. 

Dosing Devices.—Control of 
the application of sewage to 
trickling filters is usually made 
automatic. There are three 
classes of dosing apparatus in 
general use: air-controlled siphonic 
ai)paratus, mechanically controlled 
siphonic apparatus and mechanical 
devices. These devices are con¬ 
sidered in detail in C/hap. XXIII. 

In order to obtain the variation 
in head on the nozzles of trickling 
lilters, which is necessary to 
distribute the sewage as uniformly 
as possible over the bed, use is 
made of dosing tanks or head- 
GaiiowperMimi+e Varying valvcs. Discussion of 

Fi«. 138.— Discharge of Flush- head-varying valves is deferred to 

Tank nozzles. 

Chap. XXIII. 

Dosing Tanks.—rThe usual form of dosing tank is hopper-shaped or 
is tapered by the use of sloping side walls or steps, so that the capacity 
of the upper portion of the tank is much greater than that of the lower 
portion. This causes the nozzles to discharge longer under the higher 
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heads and throw a larger proportion of the spray on to the more extensive 
outer areas. The operating head commonly ranges from a maximum 
between 5 and 10 ft. down to a minimum of 1 or 2 ft. Automatic air-lock 
siphons are used in conjunction with these tanks. 

There are three common types of dosing-tank installations: 

1. Single dosing tanks into which sewage flows continuously, the siphon 
capacity being such that the rate of outflow when discharging always 
exceeds that of inflow, even under the minimum operating heads and with 
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Ficj. 139. -Distribution curves for Pacific Flush-Tank nozzle. 


maximum inflow. If suitably proportioned these tanks will alternately 
fill and discharge. 

2. Twin dosing tanks with air-lock feeds discharging to a common nozzle 
field; one tank fills, while the other discharges and stands empty during 
a brief rest period. Deep bells on the siphons or flap valves shut off inter¬ 
communication between the tanks. The maximum rate of inflow is such as 
to fill the tanks in a longer time than is required for discharge. 

3. Twin dosing tanks with air-lock feeds discharging on to separate nozzle 
fields, each half of the field having its separate dosing cycle. Since only 
half the number of nozzles is supplied at one time, the dosing-tank size is 
cut in two. 

Until the time of construction of the Fitchburg plant, dosing tanks 
for trickling filters were commonly of the single-dosing type. There is 
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usually a wide fluctuation in the rate of sewage flow and this variation 
in flow produces an unequal distribution from the nozzles, if this type 
of dosing tank is used. Inflow into the dosing tank during time of 
discharge tends to overdose the filter, especially at low heads, and this 
may cause pooling on the filters adjacent to the nozzles. 



Twin dosing tanks assure the same size of dose and the same distribu¬ 
tion of the sewage on the filter at each dose, regardless of the rate of 
sewage flow, until a maximum storm-water rate is reached, when one 
of the tanks goes into continuous operation. By the use of two dosing 
tanks which ojierate alternately, the point at which continuous opera¬ 
tion begins is kept higher. Such an installation at Fitchburg is illus¬ 
trated in Fig. 143. 

The dosing tanka are built in pairs and at the inlet end of each tank 
there is located an automatic ^air lock, which shuts off the inflow when 
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the tank to which it is connected is filled. At the same time that the air 
lock for one tank shuts off, the air lock connected to the other tank is 
released, thereby permitting the inflow to enter the empty tank. By 
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Fig. 141.—Discharge of flotation-type nozzles. 

this method, a regular, definite quantity of sewage is applied to the 
filters at each dose and no sewage enters the dosing tank during the 
time of discharge to disturb the desired distribution. 


iBMa aBBaaaiaBaa 
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Fig. 142.—Distribution curves for 1-in. flotation-type nozzle. 

The design of a dosing tank and nozzle field is exemplified on page 525. 
Suitable design takes the following hydraulic factors into account as 
relating to flow and losses of head: 
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1. Friction in air-lock feeds and over inlet weirs 

2. Siphon losses 

3. Dosing-tank losses 

4. Velocity heads and friction losses in distributing pipes 

6. Entrance losses, losses in passing openings and losses at change in 
section and direction 

6. Losses in gates 

Losses 2 to 6 commonly equal 15 to 35 per cent of the maximum 
available head on the nozzles, with 25 per cent as a fair average. These 
losses are about equally divided between the siphon, dosing tank and 


x-Matn Disfribuior 
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Emergency Compressed 
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Fig. 143.—Dosing tanks and siphonic apparatus, Fitchburg, Mass. 


distribution system. Losses in the latter can be greatly reduced by 
using rounded orifices, bell-mouth openings and gradual changes in 
section. 

The Pacific Flush-Tank Co. has studied the operation of trickling- 
filter dosing systems using the corr.pany's dosing apparatus and has 
derived formulas for the computation of the special losses involved (20); 
these the authors have reduced to general terms as given below. The 
formulas were derived from observations at five trickling-filter plants 
using siphons from 12 to 30 in. in diameter, operating under a total 
head” of 7 to 10 ft. and using dosing tanks with maximum area of water 
surface from 200 to 800 sq. ft. The formulas naturally apply only to 
the company’s apparatus. The expression for siphon loss (K) holds, 
furthermore, only for siphons ni the trapless type and the formulas 
for dosing-tank loss {hd) and time of discharge {t) should be used only 
when the maximum velocity in the siphon is between 2 and 4 ft. per 
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second. It will be noted that the expressions are empirical, with the 
exception of that for siphon loss. So far as the authors know, these 
are the best data to be had on the subject. 



(1) 


(2) 

h. = 0.0433(-^')' 

(3) 

364a.2 

(4) 



(o) 


Nomenclature: 

hf — loss of head in inlet f.3ed, for 6-in. feed, ft. 

♦/i,r = loss of head 0V3r inlet weir, ft. 
h„ = loss of head in dosing siphons, ft. 
hd = loss of head at starting, or dosing-tank loss, 
ta — time elapsed from time siphon starts to time of maximum 
discharge, or time during which dosing-tank loss occurs, sec. 
Qi = rate of inflow to tank, c.f.s. 

Q = rate of discharge, c.f.s. 

^max. = maximum rate of discharge, c.f.s. 

(is = cross-sectional area of siphon, sq. ft. 

A = area of dosing tank at maximum water level, sq. ft. 

L/ = length of inlet feed, ft. 

Lw = length of inlet weir, ft. 

Generally good distribution is secured if the water level in the dosing 
tank falls at a uniform rate, or nearly so. The surface area of the tank, 
though determined to some extent by considerations of nozzle distribu¬ 
tion, is influenced even more by the dosing-tank loss. Since this loss is 
volumetric and must be limited to a certain value, it generally controls 
the choice of the tank area. This maximum area must be carried down 
a distance equal to the dosing-tank loss. From here on the area must 
decrease in proportion to the rate of discharge. A parabolic curve 
results and is generally approximated by continuing the vertical sides 
of the tank for a short distance and then sloping the sides in a straight 
line to the low-water line. 

Clogging of nozzles is reduced and operation of the filters facilitated 
if the distribution laterals are occasionally flushed out. Thus accumu¬ 
lated sludge solids and organic growths are removed. Otherwise, 
these solids are dislodged from time to time and increase the frequency 
of nozzle clogging. At Worcestet, Mass., flushing is done by removing 
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the end nozzles and allowing the siphons to discharge. The 6-in. valves 
which empty the distribution system into the main drains are opened 
regularly for a short period of time as an aid to maintaining the system 
in as clean a condition as possible. 

At Fitchburg, the ends of the distribution laterals are valved and 
joined to a 6-in. cast-iron pipe collector discharging on to a small sand 
bed. The laterals are flushed three to four times a year on the average. 
An appreciable decrease in nozzle clogging is effected. 

At Akron, the ends of the laterals are valved and joined to an 8-in. 
cast-iron pipe collector, discharging to the humus-sludge line. During 
flushing, the discharge is pumped to the Imhofif tanks. 

The practice of discharging the flushings on to the trickling filters 
at the ends of the laterals has resulted in some places in the clogging of 
the stone in the vicinity to an undesirable extent. 

Nozzle Fields.—There are two types of nozzle fields in use, the 
common nozzle field and the separate nozzle field. In the common field, 
a filter served by twin dosing tanks is built as a single unit and the two 
siphons are connected to a common distribution main serving the entire 
nozzle field. The main advantage of this type of held is the ability to 
handle inflow rates two or three times the normal and still maintain 
automatic operation. 

Where a great variation of flow is not to be expected, there are some 
advantages in the separate field. In this type of plant each dosing 
tank with its siphon serves an area independent of all other dosing 
equipment. In a plant where twin dosing tanks are to be installed, 
the separate-field installation requires dosing tanks just half as large as 
those required by a common field, as well as correspondingly smaller 
dosing equipment. 

Outline of Hydraulic Computations for a Trickling Filter.—The? 
following outline is suggestive of one of a number of approaches that 
may be taken in the solution of the hydraulic problems connected with 
the design of the dosing devices and distribution system of a nozzle 
field. A hypothetical problem is set, ’ ather than an actual case, because 
it can be presented more simply and will illustrate the issues more 
readily. Repeated trials of different layouts and studies of individual 
parts of the.system, involved in the economical design of filters in 
practice, are not given, in order to conserve space. 


Assumed Basic Data. 

Average volume of sewage to be treated. 1.0 m.g.d. 

Maximum rate of .flow. 3.0 m.g.d. 

Minimum rate of flow.. 0.6 m.g.d. 

Loading of filter.•....‘. 0.333 m.g.d. per acre-foot 

Depth of filter... 6 ft. 


Difference in ^evation between maximum dis¬ 
charge line of dosing tank and nozzle openings 8.9 ft. 
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Computations for Nozzle Field. —^Let it ho assiimod that the nozzle field 
is to be constructed with cast-iron pipes laid near the surface of the bed, 
and that circular-spray Worccstor-type nozzles are to be employed. 

Selection of Nozzles. 

1. The economical ranj^je in the maximum net Iiead on the nozzles of a 
trickling filter is commonly found to extend from 0.5 to 85 per cent of the 
total head. For a head of 8.9 ft., therefore, it will generalK’^ lie between 
5.8 and 7.6 ft. Try 6.7 ft. 

2. The minimum net head or net terminal head is ordinarily kept between 
1.0 and 2.5 ft. Try 1.5 ft. 

3. Circular-spray Worcester-type nozzles will have the following char- 
acteristicH when operating umh'r heatls of 6.7 and 1.5 ft.: 


Sizo of nozzlo, in. 


Nozzle rliar;ieteri.s( io 


1. Nozzle .'jpaeiiiff, ft. 

2. SpacinK of lateral.s, ft. 

a. Number of nozzle.s required. 


liemarka 


I 1.4 
1).9 

1 9:5 


7 ; Fr*)’. Fig. 134 
11.0 ' 0.800 X nozzle spacing 
1.0 X A’.iMO _ 
0.333 X 0 X (1) X (2) 


150 


4. Mnviniuiii rate of disrharjte per nozzle. 

K.p.rn. 10 2 

5. Minimum rate of discliarjre per nozzle. 

ff.p.in. 7 7 ; 

6. Maximum rate of dosing nozzle field, 1 

g.p.in.3.130 

c.f.s. 0 96 

7. Minimuiri rate of dosing nozzle field, ! j 

g.p.m. 1.490 11,560 

c.f.s.! 

8. Average of maximum and nnniimim do.s- 

ing rate.s, c.f.s. 

9. Maximum rate of sewage flow, c.f.s. 


21,0 i 4 From Fig. 131, or using 
! s C =* 0.06 lo t).08 in 

10.0 11 « ra\/2^7i 

:i.28() I Cl) X (4) 


: (3) X (5) 


3.31' 

i 

3.4S 


14' 

5 39! 

’•Jf(6) -1 (7)1 

4.04; 

4.04' 

3.0 X 1.547 


Try using a nozzle. The average of the Jiiaximum and miiiimum 

dosing rates of this nozzle is well in excess of the maximum rate of sewage 
flow. Its spray limit is 10.5 ft., from Fig. 133. 

Selection of JXstrihuiion System. 

4. Try a distribution systetn layout consisting of 13 laterals^ each vnth 
.3 = 12 nozzles, as shown in Fig. 135. A number of systems should be 

studied and the most ecoiiomitqil one selected. 

5. Computations for the licad lost in the pipe system shown in Fig, 135 
at the maximum rate of dosing are illustrated in the schedule shown in the 
table on page 626. 

6. The pipe loss, hp, to the average nozzle N in Fig. 135 is the sum of the 
losses in lines c to / and s to y, together with the entrance T loss, the Y 
loss, and the loss in passing openings. It is found to be 0.77 ft. This is 
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Pipe 

Length, 

ft. 

Diam¬ 

eter, 

in. 

Sewage 

flow, 

c.f.s. 

Veloc¬ 
ity, ft. 
per 

second 

Pipe 

Ft. per 
1000 

Fr 

losses' 

Ft. 

iction losse 

Passing 

openings,^ 

ft. 

s 

Bends,* ft. 

a 

12.7 

6 

0.047 

0.24 

0.095 

0.001 



b 

12.7 

6 

0.094 

0.48 

0.34 

0.004 



c 

12.7 

6 

0.140 

0.71 

0.71 

0.009 



d 

12.7 

6 

0.187 

0.95 

1.22 

0.015 



e 

12.7 

6 

0.234 

1.19 

1.85 

0.024 

0.001 


f 

6.36 

6 

0.281 

1.43 

2.60 

0.017 

0.001 

T = 0.040 









Notk.—T hi.s 

0 

11.0 

10 

0.662 

1.03 

0.78 

0.009 


is the loss to 

n 

11.0 

10 

1.12 

2.06 

2.82 

0 031 

0.004 

each lateral. 

0 

11.0 

12 

1.68 1 

2.14 

2.45 

0.027 

0.004 


V 

11.0 

12 

2.25 

2.87 

4.20 

0.046 

0.008 


Q 

11.0 

14 

2.81 

2.62 

2.98 

0.033 

0.006 


r 

n.o 

14 

3.37 

3.15 

4.18 

0.047 

0.009 


s 

11.0 

16 

3.93 

2.82 

2.91 

0.032 

0.007 


t 

11,0 

16 

4.49 

3.22 

3.72 

0.041 

0.010 


u 

11.0 

18 

5.05 

2.86 

2.61 

0.029 

0.008 


V 

11.0 

18 

6.62 

3.18 

3.18 

0.035 

0.009 


w 

11.0 

18 

6.18 

3.50 

3.79 

0 042 

0.012 


X 

11.0 

18 

6.74 

3.81 

4.42 

0.049 

0.013 


V 

20.0 

18 

7.30 

4.13 

5.08 

i 

0.102 

0.016 

r = 0.265 


1 By Williams and Hazen formula, iLsing C = 100. 

2 0.03 X velocity head for eacsh opening or branch. Flinn, Weston and Hogert; “Water 
Works Handbook,” Ist ed., p. 583, 

® Jour.^ N. E. W. W. A., 1913; 27, 620. nos.s = 1.25 velocity heads; Y loss = 1 velocity 
head. 


about of the total loss assumed to be available (8.9 — 0.7 = 2.2 = 3 X 
0.73) and represents a common value. 

Nozzles other than N should also be studitui. 

Computations for Dosing Tank.—In /estimate the use of twin dosing tanks 
supplying a common nozzle field .md equipped with air-lock feeds and 
deep-bell, trapless siphons, illustrated in Fig. 144. Try a dosing cycle of 
4.5 min. for the maximum rate of flow of 3.0 m.g.d. = 4.64 c.f.s. This 
is a common cycle time. 

Size and Shape of Dosing Tank. 

7. For a dosing cycle of 4.6 min. the effective volume of dosing tank is 
4.64 X 4.6 X 60 - 1,250 cu. ft. 

8. By following common practice and selecting a siphon of such size that 
the maximum siphon loss, ha, is about equal to the pipe loss, hp, about K 2 
of the total head or H of the total loss assumed to be available, it is found, 
by using a coefficient of discharge of C, «= 0.6, that the nearest size is 18 in. 
The siphon loss is, therefor, 
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. ^ f Q Y ^ ( _ 13^ _ 

\Csa.y/2g) \0.6 X 1.767 X 8.02. 


0.74 ft. 


where Q is the maximum rate of dosing the nozzle field. 

9. The effective nozzle head for maximum discharge is, therefore, 6.7 + 
0.77 + 0.74 = 8.21 ft. 

10. On the assumption that the heads for other rates of discharge vary 
approximately as the squares of the rates, the minimum discharge head or 

/3 48\ ^ 

gross terminal head will be 8.21 X ( 7 ^) = 1-87 ft. In actual design 


this value would be checked by computations similar to those given for 
maximum discharge. 

11. The bottom width of the tank must be such as to accommodate the 
18-in. siphon and to result in an economically proportioned tank. The 
siphon needs 6.67 ft., according to Pacific FJush-Tank (Catalog 30. Try 7 ft. 

12. If the tank areas are proportioned to the rates of discharge, the top 

7 30 

width becomes about 7 X = 14.67 ft., because the tank length L is 


commonly held constant. 

13. The dosing-tank loss, hd, may now be expressed in terms of the top 
area or length by applying the formula suggested by the Pacific Flush-Tank 
Co.: 


hd = 364 


AQ 


364 X (1.767)2 
A X 7.30 


166 

A 


156 

14.67L 


14. To allow (a) fon the dosing-tank loss, hdy which is usually of the same 
magnitude as the siphon loss, and the pipe loss, /tp, and ( 6 ) for the use of 
a uniformly sloping tank wall rather than a parabolic one, vertical tank walls 
are required at the top, of a depth greater than the dosing-tank loss. By 
irispectiorif try 1.33/t. 

16. If the tank capacity computed from th(j assumed dimensions is 
equated to the tank volume obtained from the cycle time, the tank length 
L = 16.42 ft. from 


1,260 


^ 8.21 - 1.87 + 


150 \ 
14.67L/ 


X 14.67L - [^(8.21 - 1.87 - 1.33) + 

156 1 ,, (14.67 - 7.0), 

14.67lJ ^ 2 ^ 


16. The dosing-tank loss for the tank dimensions chosen is 


1. ^ 156 

" ^ 14.67 X 16.42 


0.69 ft. 


which is approximately equal to and hp. The total computed loss is, 
therefore, hd A- ^ hp *= 2.20 aiid the total difference in elevation between 
the discharge line of the dosing tank and the nozzle openings is 6.7 + 
2.20 = 8.90 ft., which equals^ in this case, the value of 8.90 ft. assumed in 
the basic data: ,, 
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Dosiing Cycle, 

17. A dosing cycle of 4.6 rain., under conditions of maxiraura sewage 
flow, was assumed. This is made up of the dosing time and the rest period. 
Although good results can bo secured with continuous operation at times 
of maximum flow, it is well to ensure satisfactory tank and nozzle operation 
by providing for a minimum* rest period of say 0.5 min. To estimate the 
probable rest period, the dosing time mw be assumed to consist of (a) the 
siphon-starting time, during whic*h the tank level drops a distance equal 
to the dosing-tank loss, (/>) the time, tu, required to cunpty the remaining 
vertical portion of the tank and (c) the time, tc, re(iiiired to draw down the 
sloping portion of the tank. 

a. Time L may bo found from the equation proposed by the Pacific 
Flush-Tank Co.: 

=2«.5.e... 

h. Time L is given by the roinmou formula of theoretical hydraulics 
for discharge under a falling head: 


^ __.1_ 


2 A .. 

- 

C,^anV2g 


- >i /‘ ) 


where C„ is the coefficient of discharge of the nozzle fiedd and a» is the total 
area of the nozzle openings. The area of a ^:liG“in. Worcester nozzle with 
?<i(i-in. spindle is 0.00340 sq. ft. The combined area a« - 156 X 0.0034 = 
0.530 s<i. ft.. C„ may be computed approximately from the loss of head. 
8.21 ft., excluding the dosing-tank loss, found for the average nozzle N 
for the maximum rate of discharge, 7.30 c.f.s. 


= 


Q 


7.30 


ii. = 


2 X 


, an\/2gh 

14.67 X 15.42 


= 0.60 


0.60 X 0.630 X 8.02 


0.530 X 8.02\/8.2l 
[(8.21)^“' - (8.90 - 1.33)'*] = 21 2 sec. 


c. To find time C the tank area must be expressed in terms of the head, 
since the area decreases with the head. The area A at any head h is 

4 _ [7 n -1. ~ 1-87)(14.67 - 7,0)1 ^ _ 

A - 1^7.0 + _ j 33 _ j J X 16.42 

A = 20.8(3.3:1 + h) 

^ -20.8 r*»(3.33 + /i) 

“ 0.60"X 0.530 X S.azjh, y/fi 

U = 8.16[6.66(/ii^* - - hi^)\ 

Since hi — 8.90 — 1.33 = 7.57 and /12 = 1.87, 

tc = 174 sec. 

The dosing period is, therefore, b, + + fc = 3.7 min. and the resting 

period, 4.6 — 3.7 « 0.8 min., which satisfies the requirements. Were this 
nf)t so, it would be necessary to select different nozzles or change some of 
the assumptions. 
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Computations for Inlet Structures. —It is assumed that the inlet struc¬ 
tures consist of air-lock feeds and weirs as shown in Fig. 144. 

Air-loek Feed, 

18. Try two 6-in. feeds, 5 ft. wide. 

The feed loss h/ for a maximum inflow rate of 3 m.g.d. = 4.64 c.f.s. 
becomes: 

hf = 0.129^^y '“ = 0.129 X (0.4()4)“>' = 0.04ft,. 

Inlet Weir. 

19. Try a weir \5ft. long. 

From the Francis formula, the weir loss, hw, with a coefficient of discharge 
of 3.0, is found to be: 


hw 


/ Q Va ^ / 4.64 \r^ 

\ClJ \s:'0 X 15/ 


0.20 ft. 


The Pacific Flush-Tank formula, hw = 0.470 {Qi/Lwy'-''^^y yields about the 
same result. 

20. The combined loss of tlie inlet structures is hf -f- hw — 0.24 ft. for 
maximum flow. The sewage level in the inlet channel must, therefore, rist^ 
0.24 ft. above the maximum level of the dosing tanks at tinies of highest 
sewage flow. If this value is unsatisfactory tlui inlet loss may be cut clown 
by changing the dimensions of the feeds or by changing the lengtli of th(j 
weir. 


Underdrainage. —Underdrains, as well as ilistribution systems, are 
necessarily more elaborate as the volume of sewage treated per unit area 
becomes greater. Therefore, for trickling filters, suitable design of 
underdrainage facilities is of considerable importance. 

Trickling filters built in excavation without masonry floors are 
objectionable, because the soil may become displaced by water flowing 
over it, thus causing settlement. Furtherrnon^, the soil may bcccmie 
intermingled with the filtering material and impair the drainage of the 
filter. These objections are met if such filters are built upon floors of 
concrete or other masonry. 

One of the earliest drainage systems consisted of a concrete floor upon 
which is a layer of stones composed of pieces preferably not less than 
C in. in diameter, the floor being sloped toward the main collectors. 
This coarse material affords better drainage than would the finer 
material of the bed, but clogging may result from the solids unloaded 
by the filter. The coarse material accomplishes little in the purification 
of the sewage because of the relatively small bacterial surface per unit of 
filter volume. In order that the solids may be carried away more 
readily with the effluent or flushed through the drains and that the gases 
of decomposition may have a ready means of escape, false floor systems 
are generally adopted. 
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Fkt. 145.—Types of floors for trickling filters. 
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The floor system used at Gloversville and some other places, shown 
in Fig. 145, is the least expensive type under some conditions. The 
concrete slopes toward the main drains and the lateral drains of inverted 
half-round, slotted tile practically cover the entire floor. Floor slopes 
of at least 1 per cent are usually provided. The tiles are bedded in 
cement to afford an even bearing, thus enabling them to carry the load 
of stone placed upon them. A layer of coarse filtering material about 
4 to 6 in. in diameter is usually spread c)ver the pipes to prevent the 
finer material from passing through the openings into the drains. 
Instead of slotted pipes of this kind, half-round bell-and-spigot pipes 
laid with open joints have been employed. The opening should be made 
as large as possible without sacrificing the overlap of the bell. A 1-in. 
opening is desirable. 

This floor system offers a fairly good opportunity for the passage of 
solids from the bed into the drains. If the bed is composed of coke, 
cinders, or other material likely to disintegrate, the valleys between 
the pipes may gradually become filled with fine material which may clog 
the drains. A disadvantage of this floor is that the flow of effluent is 
distributed over the floor beneath the tile, so that a relatively low 
velocity is afforded for carrying away the solids. Furthermore, it is 
not readily flushed because the water si)reacls over the bottom, rendering 
the stream ineffective. 

Figure 145 also shows the floor system desigmxl for VVaterbury, Conn. 
The concrete is flat, sloping toward the main drains. A special block 
of vitrified clay or reinforced concrete is set on the floor, furnishing a 
false bottom over the entire area. The drainage area is much greater 
than in the case of the Columbus type and the effluent flow is confined 
to the drains. The effluent is allowed to spread out over a large part of 
the floor, however, so that the self-cleansing qualities and facilities for 
flushing are not ideal. 

The Baltimore floor system. Fig. 145, consists of a scries of grooves 
and ridges in the concrete bottom. The grooves are covered with 
slotted vitrified-clay or concrete slabs, lieddcd in cement, concentrating 
the flow of effluent in narrow channels. The floor of the filter slopes 
toward the main drains and the inverts of the lateral drains are parallel 
with the floor, which necessitates a varying depth of stone in accordance 
with the slope of the floor. While the practical objections to such a 
variation in depth of filter may be questionable, it is theoretically an 
advantage to build the bed of uniform depth. With this type of floor 
system it is feasible, although possibly somewhat more expensive, to 
lay the floor level and give the necessary grade to the drains. In this 
case the filtering medium is of uniform depth. 

A type of floor designed by the authors for use at P'itchburg, Mass., 
and subsequently installed q toother iflants, is shown in Fig. 145. As 
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the lateral drains in the concrete arc covered with narrow concrete beams, 
a large percentage of drainage area is afforded, as well as a concentrated 
flow of effluent. Cobble stones, which are abundant at the site, were 
placed by hand over the openings before placing the crusiied stone on 



Fig. 146.—Constructing trickling-filter floor, Fitchburg, Mass. 

the bed. The method of constructing the floor of the Fitchburg filters 
is illu>strated in Fig. 140. 

A type of underdrainage system manufactured by the Metroi)olitau 
Paving Brick Co. and used at Akron and Cleveland, Ohio, as well as at 



Fig. 147.—Underdrainage system made by Metropolitan Paving Brick Co. 



other plants, is shown in Fig. 147. Tlie concrete floor is cast in a flat 
surface sloping toward the main drains. The underdrainage system 
consists of vitrified-clay pier and grill blocks. The pier blocks form a 
channeled floor on which the grill blocks are laid. The channels 
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formed are 3 in. deep and 12 in. wide at the top and are spaced 13>^ in. 
center to center. The openings in the grill blocks are 1 in. wide and 
the space between openings is 1 % in. The depth of the underdrainage 
system is 7 in. Figure 148 shows such a system being installed in 
trickling filters at Akron, Ohio. 

It is evident that the depth of the underdrainage system has an 
important bearing on the cost of the filter. The percentage of open 
area in the false floor for drainage and the proportion of free space for 
carrying away the effluent are generally as large as can be provided at 
reasonable cost. The false floor is necessarily made amply strong for 
the load coming upon it. 





Fia. 148.—Underdrainage system of trickling filters at Akron, Ohio. 


The possibility that the drains may become clogged with solids 
unloaded by the filter or with organic growths in them necessitates 
ample provision for flushing. In some cases the upper ends of the 
laterals are carried through the filter wall, affording an opportunity for 
flushing, and in other cases flushing galleries have been provided. It is 
desirable that the lateral drains be of sufficient size to carry away the 
effluent promptly, to make flushing pc ssible and to afford space for the 
circulation of air. Where tiles or chrmnels are carried through the outer 
walls, it is impossible to flood or submerge the filter for the purpose of 
destroying the larvae of the filter fly. This is also true where walls are 
not watertight or where they are omitted, the ballast taking its own 
angle of inclination. 

The main drains may be rectangular or semicircular channels covered 
with slabs, or they may be circular. It is desirable that the grades of 
all parts of the drainage system ensure freedom from backing up of 
effluent in the ducts and channels. • 

Loss of Head*-;p“The loss of head through trickling filters varies with 
the depth of fllters, area of filters, type of distribution system and 
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characteristics of nozzles, if used, and of dosing equipment. Revolving, 
traveling and other mechanical distributors require considerably less 
head than spraying nozzles. The principal loss of head is commonly 
due to the depth of the filter, including the underdrainage and floor 
system. This loss varies from 6 to 11 ft. Next in importance is the 
maximum net head on the nozzles, which varies from 4 to 8 ft. Other 
losses in the dosing equipment, distribution system, collection system 
and connecting conduits may assume considerable proportions. 

The loss of head in a number of trickling filters is given in Table 90. 


Table 90. —Loss of Head in Trickling Filters 


Location 

Elevation, ft. 

- Flo*- line Surface 

, . hne of 

of pre- of 

lira.-sedi- trick- 

... sedimen- 

mentation ling 

tanks filters 

tanks 

Total 

head 

for 

filter, 

! ft. 

1 

Depth 

of 

filter, 

ft. 

Head 
excluding 
depth of 
filter, 
ft. 

Akron, Ohio. 

753.6 

740.52 

729.0± 

24.6 

10.0 

14.6 

Allentown, Pa. 

29.5 

18.2 

6.2 

23.3 

10.0 

13.3 

lUoomington-Normal, Ill.1 

1 43.2 

33.1 

22.0 

21.3 

8.5 

12.8 

Cleveland, Ohio, Southerly plant; 

32.61 

23.1 

10.4 

22.2 

10.0 

12.2 

Columbus, Ohio. \ 

28.24 

20.15 

11.00 

17.24 

5.33 

11.91 

Deciatur, III. 

602.6 

595.0 

585.8 

16.8 i 

5.7 

11.1 ' 

Elgin, Ill. 

742.1 

732.5 

722.1 

20.0 

8.3 

11.7 

Fitchburg, Mass. 

385.4 

375.0 

360.0 1 

25.4 

10.0 

15.4 

Gloversville, N. Y. 

67.0 

61.5 

55.0 

12.0 

5.0 

7.0 

Schenectady, N. Y. 

[ 13.75 

9.0 

3.67 

10.08 

5.0 

6.08 

Washington, Pa. 

995.0 

991.0 

980.52 

14.5 

6.83 

1 7.67 


' High water in dosing tank. 
- Invert of main underdrain. 


Ventilation.—Inasmuch as the effective action of the filter depends 
on an abundance of oxygen within the bed throughout its depth at all 
times, adequate ventilation is essential. Downward ventilation is 
secured by the natural flow of sewage through the bed. Any interference 
with the free passage of water and air, due to the accumulation of solids 
on or in the bed or to insufficient drainage capacity, causes a decrease 
in the efficiency of the filter. 

With deep filters special precautions are required in the selection of 
materials of suitable size and permapent character and in the design 
and construction of the underdrainage system so that sufficient air will 
circulate in the lower part of the filter. 

The value of ventilation through cowls or through side walls of open 
construction has not been demonstrated and such ventilation, no doubt, 
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causes lower temperatures and reduces bacterial activity in cold weather. 
The natural downward currents of air have ordinarily maintained 
aerobic action in filters, except that sometimes slight troubles have been 
experienced with fine filter material. Clogging of the underdrains, 
which tends to interrupt free circulation of air, is detrimental but usually 
can be overcome by flushing. 

Walls.—Some form of mascmry is best for filter walls. These need 
not be made strong enough to act as retaining walls to support either 
the natural banks or the filtering material, although if such support is 
not provided for, extra care may be required during construction and 
during removal of the filtering material for washing, if this becomes 
necessary. At Fitchburg ribbed metal lath, plastered on both sides. 


Surface of fiffer Surface of fUfer 



Fig. 149.—Walls of trickling filter at Columlnis, Ohio. 

was used as a curtain wall between the natural soil and the filtering 
material. In this case, the wall is inclined from the bottom outward. 
At Durham, N. C., the trickling filters were placed so that existing sand 
filters could be used as the bottom of the new trickling filters, the old 
embankments being built up and paved. The paving is a 4-in. rein- 
forced-concrete slab, cast in place, with side slopes at an angle of 45 deg. 

Types of wall used at Columbus are (ihowu in Fig. 149. The wall of 
the trickling filters at Gloversville, (Fig. 150), is buttressed and 

reinforced.to support the roof system. 

If the ground around the filter is higher than the surface of the bed, 
care is required to prevent the washing of soil into the filtering material 
by sewage spray or by stbria runoff. This may be accomplished by 
extending the walls above the ground elevation or by providing drains 
to carry away the surface wash. 

If trickling filters are constructcc^above the surface of the ground, the 
filtering material may ibe allowed t(» assume its natural angle of repose. 
This method of .cbtiabniction, however, involves the use of considerable 
filtering material which is inef%ctive in the treatment of sewage and the 
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Flo. 160.—Wall and roof beam of trickling filter at Gloversville, N. Y. 
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construction of a larger floor system than is required to collect the 
effluent. For these reasons such construction is not economical in 
most cases where crushed stone is used for filtering, but where an 
inexpensive material is available, it may be the cheapest construction. 

If the filtering material is not sloped, some form of wall is necessary. 
Such walls have been constructed of tile, brick and concrete. The brick 
wall, commonly seen in England, is calculated to facilitate ventilation 
within the bed. To accomplish the same purpose tile have sometimes 
been built into solid masonry walls. 

Covers for Small Trickling Filters.—Small trickling filters, which are 
adjacent to residences or are likely to cause annoyance for other reasons, 
have been covered at Clear Lake, la., Haddon Heights and Totowa, 



Fig. 151.—Glass-over for trickling filter at Totowa, N. J, 


N. J., Mt. Vernon, N. Y., and elsewhere. In some places, such as 
Gloversville, N. Y., covers have been built to protect filters from the 
low temperatures of winter. 

The cover at Haddon Heights is a g’^s house extending over both 
trickling filters and sludge-drying bedsj measuring 173 by 80 ft., the 
filters being 136 by 80 ft. in plan and the sludge-drying beds 37 by 80 ft. 
The glass-covered filter was provided for the control of odors and filter 
flies. Operation during the first year has been described by Shissler (21). 
No pronounced disagreeable oilor was observed either within or without 
the house. Swarms of Psychoda flies developed inside the house, but 
few were observed outside. By closing the ventilators high tempera¬ 
tures within the house were secured, which were said to have a marked 
effect on destroying fly life. 

The air from within the trickling-filter glass-over at Totowa, illustrated 
in Fig. 151, will be collected iind discharged through a blower into a 
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wooden flume, into which a small quantity of chlorine gas will be 
introduced. According to Capen (22), ‘‘a period of contact will com¬ 
plete the chemical combination of the chlorine with the organic sub¬ 
stances responsible for odors before they are discharged into the 
atmosphere.^' 

Final-sedimentation Tanks.—Sc.'imentation tanks which follow 
trickling filters commonly are given a detention period of H to 2 hours. 
Any one of the common types of sedimentation tanks may be employed 
and plants have been built with horizontal-flow, flat-bottom tanks as at 
Akron, Ohio; with horizontal-flow hopper-bottom tanks as at Worcester, 
Mass.; with vertical-flow tanks of the Dortmund type as at Fitchburg, 
Mass., and with tanks equipped with sludge-removal mechanisms, such 
as the Link-Belt at Durham, N. C., and the Dorr at the Southerly plant 
ill Cleveland, Ohio. The irinciples of design do not differ materially 
from those applicable to preliminary* sedimentation tanks. 

♦ The quantity of sludge deposited in trickling-filter humus tanks varies 
from 300 to 800 gal. per mil. gal. of filter effluent, averaging about 
oOO gal. The water content averages about 92.5 per oent, varying from 
90 to 95 per cent. Sludge is generally withdrawn daily from mechanic¬ 
ally equipiied tanks and weekly from tanks not so equipped. In some 
plants longer intervals elapse between cleanings and sludge is removed 
only when septicization or excessive accumulation of solids interferes 
with clarification. During unloading periods more frequent cleaning 
is essential. 

The design characteristics of final-sedimentation tanks of various 
types are given in Table 91. 

The sludge from humus tanks may be air-dried on sludge beds, as at 
Worcester, discharged into Imhoff tanks where the latter are provided 
for preliminary treatment, as at Fitchburg, or pumped to separate 
sludge-digestion tanks, as at Durham. 

With frequent removal of sludge from humus tanks, the sludge does 
not contain gases of decomposition, as does Imhoff sludge. Hence 
there is no necessity for exercising the care in pumping humus sludge 
which is essential in dealing with Imhoff sludge, in order to prevent 
liberation of the gases. If humus sludge is discharged into Imhoff 
tanks for digestion, it is desirable to prevent breaking up the floe during 
pumping, but this is not such an important matter as in the case of 
activated sludge. However, it is desirable that the pumps which handle 
humus sludge be simple in construction and capable of passing solids 
of reasonable size. Centrifugal, diaphragm and plunger pumps are 
commonly used. The humus-sludfee pump at Akron is a vertical 
centrifugal pump, with a capacity of 250 g.p.m. while pumping against 
a 53-ft. head. 

Statistics of Trickling Filters.—^Data for a number of trickling-filter 
installations are presented in Table 92. 



Table 91. Design Characteristics of FiNAii-.sEDiMENTATiON Tanks Following Trickling Filters 
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1 Operating data for 1927. 






















Comparison of Trickling Filters 
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Table 92. —Comparison op Triceunq Filters.— (Continued) 
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Capacity per unit, gal. 25,500 . 18,500 15,606 13,750 18,600 36,930 23,000 

Sixe siphon, in. 30 . 30 30 and 20 20 30 36 36 

T3rpe of siphon. Trapless . Deep-bell Trapless Trapless Flap-valve Deep-bell Deep-bell 

Dose, gal. per acre. 21,000 11,700 

Dosing time, min. 8.1 3.4 . 3 2 

Hosting time, min. 29.7 6.8 
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Cost of Constructioii, Operation and Maintenance of Trickling 
Filters. —The unit cost of trickling filters may be expressed in dollars 
per acre, per acre-foot, per million gallon daily of sewage flow or per 
capita provided for in design. The number of acre-feet in a filter is 
the product of the area in acres and the depth of stone in feet. Costs 
per acre-foot, based on prices prevailing from 1925 to 1929, vary from 
$10,000 for large plants to $15,000 for small plants. The cost per 
million gallon daily varies from $30,000 to $50,000 and the cost per 
capita from $3 to $6.25. Important items affecting the cost are: depth 
and character of excavation, pumping requirements, depth of filter, 
character of underdrainage system, type of distribution system, pro¬ 
vision of division walls, design of outside walls and cost of filter stone. 
The last is the largest single item of cost in a trickling filter. Filter 
stone may range in cost fipm $2 to $3.25 a cubic yard before placing 
in the filter, with an aaifiticual cost of $0.15 to $1.00 for placing. 
Re^creening at the tra^tment plant to remove dust and chips costs 
10 to 15 cents a cubic 3’ard. Filter floors vary in cost from $5 to $7 a 
square yard. 

The cost of operating trickling filters depends upon the requirements 
for pumping, cleaning nozzles, relieving surface clogging by chlorine 
application or turning over the top stone, cleaning clogged beds by 
removing, screening, washing and replacing the media and maintenance 
of dosing tanks. Few data are available showing actual costs of 
operation of trickling filters alone. Laborers engaged in cleaning 
nozzles are employed on other parts of the plant as well and, unless 
some sort of time-clock or time-card system is used, the time allocated 
to the trickling filters alone is an estimate at best. From such ^ata as 
are available it appears that operating costs range from $0.70 to $4.30 
per million gallons treated and from 2.2 to 6.3 cents annually per capita. 

The cost of excavating, cleaning and replacing stone in the trickling 
filters at Fostoria, Ohio, during 1929 was $1.25 a ton. 
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CHAPTER XXIIl 


AUTOMATIC DOSING APPARATUS 

The doniiig cycles of sai d filters and contact beds can be controlled 
readily by hand. The dosing of trickling filters, however, is usually 
made automatic. In considering the advisability of automatic control 
for sand filters and contact beds, important items to be remembered 
are that both the quantity and (luality of sewage vary greatly from 
hour to hour and from day t<> day and that the capacity and efficiency 
of the beds change from f’nj' to time. In a small plant, with three to 
five beds, it is possible tliat tiie same bed may receive day after day 
the* strong sewage of tl.e day time, while the other beds, receiving 
weaker sew'age, are called upon to do less work. In most cases, however, 
the fluctuatiofis in flow from day t<. day cause more or less change in the 
hourly cycle and, under such conditions, automatic apparatus for dosing 
probaldy insures better work on the })art of the beds and less expense 
for caretakers than the operation of the control gates by manual labor. 
In large plants, on the other hand, the complication of the apparatus 
is so great and the beds vary so much in their capabilities that it is 
probable that better results can be obtained by the intelligent operation 
of gates by manual labor than by automatic dosing apparatus. 

(renerally speaking, there are three classes of apparatus for autotnatic 
dosing of sewage filters, namely, air-controlled siphonic apparatus, 
mechanically controlled siphonic apparatus and mechanical devices, 
l^'or use with intermittent sand filters and trickling filters these devices 
are installed only for the purpose of applying sewage to the beds. In 
contact beds they are also used for emptying the beds after a definite 
ixjriod of contact has elapsed. 

Air-controlled Siphonic Apparatus. —Both trapless and deep-seal 
types of siphon have been used. There may be considerable advantage 
in the trapless type, particularly in the larger sizes. The coefficient of 
discharge for trapless siphons remains practically constant regardless of 
size, whereas the coefficient for the deep-seal type, which has three 
abrupt 90-deg. turns, decreases with the increase in the size of siphon. 
The larger the siphon of the deep-seal type, the greater is the loss of 
head. The largest coefficient for a d(\e|>-s(\al siphon in no case equals 
the smallest coefficient for a siphon of th<‘ tra])less type, f,hc nearest 
approach being in fi-in., 8-in. and 10-in. sizes, where the coefficient for 
the deep-seal is almost equal to the coefficient for the same sizes of 
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trapless siphon. Consequently, for these three sizes the deepnseal 
type can be used without making compensation for the additional loss, 
which does not exceed 3 per cent of the total head. 

Siphons for use with trickling filters are equipped with adjustable 
blowoff traps, so that the maximum discharge elevation in the dosing 
tank can be varied within certain limits, to make adjustments in the 
nozzle distribution in case such is necessary. 

The features of the deep-seal type of siphon are shown in Fig. 152. 
Its principal parts are the main trap, a pipe casting with the long leg 
extending above the bottom of the dosing tank and the short leg con¬ 
nected to the discharge pipe to the filter; the bell, a cylindrical casting 



Fig. 162.- -Sewage siphon with adjustable blowoff trap, devp-seal type. {Miller,) 

set over the long leg of the main trap and supported on legs or piers 
above the tank floor; the vent pipe, and the blowoff trap, made up of 
small galvanized wrought-iron pipe. 

The main trap, immediately after the siphon has ceased discharging, stands 
full of water to the level Bi. The blowoff trap is also full to the level Di. 
The vent pipe is empty. Sewage flows into the dosing tank and the water 
level rises until the open end of the vent pipe is reached at A. The 
vent pipe then becomes full of water and the siphon is sealed against the 
escape of air confined in the bell and upper ; art of the long leg of the main 
trap. As the water in the dosing tank cor cinues to rise, it exerts a pressure 
upon the air confined in the siphon and forces the water in the long leg of 
the main trap down toward the lower bend. The water in that portion 
of the blowoff trap under the bell is likewise forced down. At the same time 
the water level inside the bell rises. Just before the discharge level in the 
dosing tank is reached, the water level in the blowoff trap is at D 2 , in the 
main trap at B 2 , and in the bell at C. A slight further rise of the water in 
the dosing tank forces the seal in the; blowoff trap, thus releasing the air 
confined in the bell and causing a suddj^n inrush of water from the dosing 
tank into the bell, which s^s the siphon into full operation. The sewage in 
the dosing tank is discharged through the siphon until the level is at the 
low-water line at the lower bend «>{ the vent pipe, wnen air is drawn into 
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the bell through the vent pipe, the siphonic action is broken, the bell is 
filled with air, the discharge ceases and the main trap and blowoff trap are 
refilled with water. The dosing tank then fills again and the siphon is 
ready for another discharge. 

The air vent in the discharge pipe line, although not necessary for the 
working of the siphon, allows the escape of air previously confined in the 
bell and prevents trouble from air in th ^ pipe line. The small siphons, 3 
to 8 in. in diameter, in some cases do not require blowoff traps to ensure 
their working. 

Where it is desirable to dose two or more filter beds in rotation, this 
can be done by installing several siphons, each connected to a filter 



bed and arranged to discharge in rotation automatically. Two siphons 
of the type illustrated by Fig. 152, set side by side in a dosing tank, will 
operate alternately without special piping. For three or more alternat¬ 
ing siphons, a special system of piping with starting bells or other 
controlling devices is required. 

Siphonic equipment of the trapless iy\}e is shown in Fig. 153 for two 
types of construction, one where the distribution system is at the bottom 
of the bed and the other where it is at the surface of the bed (1). In the 
latter case, there is a gradual slope from the bottom of the siphon up to 
the distribution piping at the bed surface. 

Two types of controlling equipment are adapted to use with twin 
dosing tanks and common nozzle fields in trickling filters. One of 
these is the deep-bell type, shown in Fig. 144, in which there is a direct 
connection between the siphon and distribution system. This type is 
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not adapted to plants where the maximum net head^ is less than 4)^ ft. 

The other type of apparatus for use with common fields is the flap- 
valve type, shown in Fig. 154, which was developed and used prior to 
the deep-bell type (1). It will be noted that the siphons discharge 
into a common chamber and that the discharge end of each siphon has a 
balanced flap valve to prevent the discharge of one siphon from backing 
up in the idle siphon. Generally this type requires more head than the 
deep-bell type, as there are losses of head in the flap valve and discharge 
chamber. 



Fig. 154.—Flap-valve typo of twin dosing-tank equipment for common nozzle 
field, (Pacific Fhish-Tank Co.) 

Siphonic equipment for separate nozzle fields is illustrated in Fig. 
165 (1). The separate-field equipment has all the advantage of the 
controlled-inflow feature and it is also possible to make direct connection 
from the siphon to the distribution systen.. 

The operation of the twin dosing-tanK ^qui])iuent is not complicated 
and it is positive in action. In Fig. 155 it will be noted that there is a 
vertical pipe rising from the main discharge line and connecting to the 
compression chamber. When the siphon starts, a part of the discharge 
is introduced through the verticsd pipe into the compression chamber 
and as the latter is airtight, a pressure is developed, which is transmitted 
by means of air piping to the operating feed, creating an air lock and 
stopping the flow into the dosing tank. ^ A small air bell is located in the 
compression chamber and; the pressure from this bell is transmitted to a 

> Differential head between nozzles and water level in dosing tank, when the siphon is in 
full operation and the ina^iin\ira head on rbe nozzles ie reached. 
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blowoff trap connected to the feeds. When the seal of this trap is 
forced, the air lock is released and the feed is started. The siphons are 
started in the usual manner by forcing tlie seal of a blowoff trap con¬ 
nected either to the main siphon or to an auxiliary starting bell 
suspended in the dosing tank. 

The discharge of siphons can be represented by the common orifice 
formulas, Q = Here represents the head causing flow, 

Qs the area of the siphon and Q the rate of discharge. For free discharge 
this head is measured from the surface of the sewage in the tank to the 



Section 

Fig. 155.—Twin dosinn-tank eejuipment for separate nozzle fields. {Pacific 

Flush-Tank Co,) 


center of the outlet from the main trap. When the discharge is not free, 
for example, When sewage is discharged into the distribution system of 
a trickling filter, is the head lost in the siphon. The coefficient of 
discharge, C,, is approximately 0.6. In emptying sewage from a tank, 
however, there is a delay in bringing the siphon into full operation and 
in overcoming the inertia of the sewage in the distribution system. 
During this time there is a fall of sewage level in the tank. This effect 
produces what is called the ‘‘dosing-tank loss” which, according to 
investigations of the Pacific Flush-Tank Co., is measured approximately 
by the relation 

h, = 364^A 
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where hd = dosing-tank loss, feet 

Q = rate of discharge, cubic feet per second 
A = area of dosing tank at maximum level, square feet 
" a, = area of siphon, square feet. 

To determine the characteristics of the dosing device, therefore, both 
these relations are taken into account, as illustrated in Chap. XXII. 
Where a single tank is used, allowance also is made for the volume of 
sewage flowing into the tank while the siphon is discharging. 

Air-lock Feeds. —Figure 150 shows in outline the general features of 
an assembly of siphons and air-lock feeds for four contact beds. At the 



Fig. 156.—Air-lock feeds for contact beds. {Miller-Adams.) 


beginning of a cycle of operation the wells in front of the air-lock feeds 
are filled with water, except the one that is to operate first. All the 
blowoff traps are filled with water. 

Sewage entering the channel from the settling tanks flows through the 
feed into the bed until it is filled, or until the sewage level reaches the top 
of the withdraw siphon. A slight additional rise in water level causes the 
withdraw siphon to come into‘operation and the compression chamber is 
filled through the withdraw siphon until the sewage level inside is the saiiu* 
as in the bed. As the compression chamber fills, the air in the compression 
dome is put under pressure and forced into the upper part of the feed, grad¬ 
ually displacing the sewage flowing thr.TJugh the feed until the sewage level 
is forced down below tfie inside crest of the feed, when the flow through the 
feed ceases and the feed is air-locked. 
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The same rise of sewage in the compression chamber also produces a 
pressure in the starting bell, which is transmitted to the blowoff trap of the 
feed next to operate. Just before the first feed is air-locked, the seal in the 
second blowoff trap is forced, thus releasing the air confined m the second 
feed and allowing the sewage to discharge into the second contact bed. This 
prevents any backing-up in the distributing channel or settling tanks. 

After standing for the required time, "he sewage in the bed is discharged 
by a timed siphon, described later. As the sewage level in the bed falls, 



siphonic action is started in the withdraw siphon and the compression 
chamber is drained. By this means the compression dome and starting 
bell are vented, the blowoff trap is filled and the chamber is ready for the 
next cycle of operation. 

Hydraulically, feeds may. be considered as siphons and the disc harge 
through them may be expressed by the orifice formula, Q = C/a/y/2ghf. 
On the assumption that coefficient C/ *= 0.7, the head required to 
operate a 6-in. air-lock feed 1 ft. in length is given by the following 
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relationship/ hf = 0.127Q®, where hf is expressed in feet and Q in cubic 
ft. per second. 

Timed Siphons. —To render the oi>eration of contact beds coinpletelj'^ 
automatic they require apparatus controlling the time the sewage 
stands in the beds. Timed siphons are frequently used for this purpose. 
The general details of the apparatus are shown in Fig. 157. 

At the start, the main trap, blowoff trap ancl tile well in the timing 
chamber are filled with water. The size of the timing ehninber and the size 



J’lQ. 168. —Plan of Barbour dosing apparatus at North Attie!)orough, Mass. 


of the opening in the timing valve determine the period of contact and require 
trial and adjustment to obtain the specified period of contact. The timed 
siphon is controlled by the starting bell in ‘the timing chamber and until 
there is sufficient pressure in the starting bell to force the seal of the blowoff 
trap, the siphon will not discharge and the bed will stand full. The timing 
valve is located below the full water level in the contact bed, so that when 
the bed is full there is a continuous discharge through the timing valve into 
the timing ^chamber. The siphon receives air through the vent when the 
sewage has been drawn down to the low level and the discharge then ceases. 
When the timed siphon is operating, the draining siphon is discharging 
the sewage in the timing chapiber and at the end of the discharge the starting 

■ 'The Pacific Flush-Tank Odf. in its Catalog 30 gives losses of head for air-lnck feeds which 
may be represented by the equation, hf 0,129<?' •*. 
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bell is vented, the timing chamber is emptied and the apparatus is ready 
for the next filling of the bed. 

The total head required to operate contact beds equipned with air¬ 
lock feed and timed siphon ranges from about 12 in. for the smallest 
installations to 21 in. for the largest, in addition to the depth of the bed. 

Mechanically Controlled Siphom^ Apparatus.—Several kinds of 
mechanical devices are used for directing the discharge of siphons to one 
pipe after another. Figures 158 and 159 illusirate one used at a number 
of sewage-treatment works by Barbour. 



Fiq. 169.—Sectional elevation of Barbour dosing apparatus at North Attle¬ 
borough, Mass. 


The main features are an air-lock siphon, controlled by an air valve and 
float, and a revolving cylindrical gate valve, also actuated by a float, the 
whole apparatus being set in the dosing tank. As the level of the sewage 
in the dosing tank rises, it lifts the large float A, to which is attached a rack 
and pinion, causing the cylindrical gate valve to turn until the opening in the 
gate is opposite one of the outlet pipes to a filter bed or group of filter beds. 
At the same time, float B rises until the high-water level in the tank is 
reached, when the trip E on the float rod opens the air valve D, suddenly 
reducing the air pressure in the siphon bell and causing the siphon to come 
into full discharge. In case the trip failed to open the air valve, an addi¬ 
tional rise in the water level would bring the siphon into full discharge by 
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the aid of the pilot pipe, in a manner similar to that previously described. 
The siphon continues to discharge until the low-water level in the tank 
is reached, when air is drawn in under the edge of the siphon bell, the siphonic 
action is broken and the discharge ceases. When float A falls with the 
sewage level, the cylindrical gate valve is not turned back, but is held in 



31 ■ 


Fig. 160.—Dosing apparatus at Newton, N. J. {AnBonia,) 

place by a pawl and ratchet on the pinion. The tank then fills again, rais¬ 
ing float A, which turns the cy^ndrical gate valve around to the next outlet 
pipe, and the process is repeated as described. The advantage of the small 
float B and air valve is that the size of the dose can be regulated by setting 
the float B higher or lower on the float rod. The action is positive and 
productive of more ssd^actory resuits than when the pilot pipe is relied 
upon to start the siphbh. The separator” is necessary to prevent sus¬ 
pended matter from getting into. |;he air valve. 
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Mechanical Dosing Apparatus. —^An example of mechanical dosing 
apparatus is shown in Fig. 160. Sewage flows through the settling tank 
into a dosing chamber containing a float. A chain attached to the float 
passes over a sprocket wheel, on the shaft of which is a weighted lever. 
As the sewage in the dosing tank rises, the float rises and the shaft 
revolves, bringing the weighted lever to a vertical position. As soon 
as the shaft turns so as to bring the center of gravity past the vertical, 
the weighted lever falls on the opposite side, and the flap valve between 
the dosing chamber and the distributing chamber is suddenly opened. 
lOach rise of the float revolves the countershaft, to which the distributing 
gates are attached, a fifth of a revolution, the fall of the float failing to 
revolve the shaft in the opposite direction on account of a pawl and 
ratchet. Fhe five flap valves lending to the five filter beds are attached 
to the shaft at points equally spaced around the circumference and thus 
at each one-fifth turn o. the shaft a new gate is opened, the other four 
r(^*maining closed. Ip :his way the doses are distributed to each filter 
bed in succession. 

This apparatus is readily adjustable and in general has been found 
to work satisfactorily. Care is necessary in designing apparatus of 
this type to provide parts of suflicient strength to withstand the shock 
due to the suddenly applied force of the falling weight and the resulting 
jerk on the flap valves. 

Head-varying Valves.—la 1906 Si earns suggested using a mechani¬ 
cally operated butterfly valve in the delivery pipe to trickling filters, as 
a means of varying the head on the nozzles, and about the same time 
Weand designed float-operated butterfly vab^es for use with the trickling 
filters at Reading, Pa. 

One of the largest filter plants employing this means of regulating 
head is that at Baltimore, Md., w^here the head on the nozzles runs 
from almost zero to 9 or 10 ft. The installation is shown diagram- 
matically in Figs. 161 and 162. There are ten 18- by 27-in. rectangular 
conduit castings, one to each filter bed, leading from the constant-head 
chamber to the distribution system of the beds. The opening to each 
of these castings is controlled by an electrically operated sluice gate. 
Each motor is connected to an autostarter actuated by a trip on a 
float rod extending upward from a float in the outlet channel. The trips 
on these rods are set at four different levels, so as to bring sections of 
the trickling filters into operation one after the other by ojiening the 
motor-operated valves. For example, if two units are in operation and 
sewage begins to back up in the outlet channel faster than it can be 
taken care of by the area of trickling filters then in service, the float 
under the third autostarter is raised sufficiently to trip the latter and 
open a sluice gate on the inlet line to section 3 of the trickling 
filters. 
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Inside each rectangular casting above referred to is a fiat iron plate 
swung on its horizontal axis by a shaft extending through a stuffing 
box to the outside of the casting. This plate fits the inside dimensions 
of the casting with a clearance of about >2 in. The end of the shaft is 
geared to a 1-hp. direct-current motor. The plate is turned through 
1 revolution, or 2 cycles, approximately every 7 min., thus alternately 



'Fia. 161.—Sectional elevation of dosing apparatus, Baltimore. 


damming and releasing the sewage flow to the nozzles. The spray on 
l^e filters under this action falls first on the stone immediately adjacent 
to the nozzle, gradually increasing its breadth to a distance of 7'K ft- 
from the nozzle, at which moment the flat plate in the casting has turned 
till it is in a horizontal position and the inaximiini volume of sewage is 
flowing. 
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Fig. 162.—Operating device for butterfly valve, Baltimore. 


Among other trickling filter installations which include butterfly 
valves in the dosing equipment are those at Brockton, Mass., and at the 
’ Pennypack Creek plant in Philadelphia, Pa. 

Doaing Apparatus Intermittolit Sand Filters. —The types of 
apparatus commonly used for dosing intermittent sand filters include 
air-controlled siphonic apparatus, mechanically controlled siphonic 
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apparatus and mechanical devices. These appliances have already 
been discussed. 

It is desirable that siphons for dosinjj; iuteriiiittcnt sand filters have 
sufficient discharging capacity at the minimum head to empty the 
dosing tank, even under conditions of Oi&charae Ifne 
maximum rates of inflow from the tr .nk ^ 'y 

sewer. If such maximum rates are .5^ ^ 

higher than it is feasible to provide for, 1 r—j ~ ^ 

the balance above a predetermined rate " “ | 

may be by-passed or the sipiion may be ;; 

allowed to go into continuous operation, ^ ^ 

Operating continuously, the siphon will ^ 

discharge at a maximum rat<; dependent 
upon the maximum }>ea‘l available. 

Table 93, prepared In tte Pa. die Flush- ^ 

Tank ('o., is a guid(‘ in the selection of vey 

a siphon to ro\'er this contingency. Fru. lO-i.- Relation oi maxi- 

Fig. 1H3 indicates the dimensions refrrred heads on a 

U • • j U • Hiphon. 

to as imniinum and maximum 

heads.” The minimum head can usually be varied only a slight 
amount for one size of siphon, but the ma.ximum head can be 
varied to suit the conditions of each (;ase. Table 94, also prepared 
by the Pacific Flush-Tank Co., gives the rates of discharge for 
siphons discharging freely, that is, into an open trough or similar 
unrestricted channel. 


Minimum 

Head 


Tahle 93. —Sizes of Siphons to He Used with Various Rates of Inflow 


1 

Max. inflow in gallons ])or 24 hr.j 

nianicter of 

Minim imi 

Discharge at 
i mini mum 

siphon, in. 

head, in. 

head, gal. 




pt*r min. 

Up to 100,000.1 

5 

6 

160 

100,000-135,000. 

6 

6^0 

230 

135,000-280,000. 

S 

7 • 2 

450 

280,000-480,000. 

10 

9C 

800 

480,000-720,000. 

12 

10 f; 

1,200 

720,000-1,070,000. 

14 

13 

1,780 

1,070,000-1,465,000. 

16 

11 

2,440 

1,466,000-1,926,000. 

18 

1 

15 

3,210 

1,925,000-2,540,000. 

20 

! 17 

4,230 

2,540,000-3,860,000. 

24 

i 

6,430 

3,860,000-6,360,000. i 

30 

j 22 

10,600 
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Tabus 94. —Ratxs of Discharqg in Gallons per Minute fob Siphons 
Dischaboino into an Open Trough 


Diameter of siphon, in. 


Head 



5 

6 

8 

10 

12 

14 

16 

18 

20 

24 

30 

rs " 

255 

345 

640 

1000 

1420 

1950 

2560 

3210 

3.060 

5,720 

8,950 

rs " 

280 

375 

600 

1060 

1545 

2120 

2770 

3485 

4,320 

6,210 

9,720 

1 ' 9 " 

300 

410 

750 

1180 

1675 

2300 

3010 

3780 

4,680 

6,740 10 , 5:30 

2 ' 0 " 

320 

435 

800 

1260 

1785 

2450 

3210 

4030 

5,000 

7 . 200 , 11,260 

2 ^ 3 " 

340 

460 

850 

1340 

1000 

2605 

3410 

4290 

5 .: i20 

7,650 

11,970 


360 

400 

000 

1420 

2000 

2760 

3610 

4530 

5.580 

8,060 

12,650 

2 ' 9 " 

380 

510 

045 

1400 

21Q0 

2800 

3780 

4750 

5,900 

8,450 

13 , 2.30 


395 

535 

085 

1560 

2200 

3010 

3050 

4960 

6,120 

8,850 

13 , 8.30 


410 

555 

1020 

1600 

2275 

3130 

4100 

5150 

6,400 

9,200 

14,350 

3 ' 6 " 

425 

575 

1060 

1676 

2370 

3250 

4260 

5350 

6,620 

0,550 

14,930 

8 ' 9 '' 

440 

500 

1100 

1730 

2455 

3370 

4410 

5540 

6,880 

9.900 

15.470 

4 ' 0 " 

455 

620 

1140 

1700 

2640 

3470 

4550 

5720 

7,060 

10,210 

15.960 

4 ^" 

470 

635 

1170 ' 

1840 

2610 

3580 

4690 

5900 

7,300 

10,620 

16,440 

4 ' 6 '' 

485 

650 

1200 

1880 

2670 

3690 

4820 

6070 

7,510 

10,800 

16,900 

4 ^ 9 '' 

500 

670 

1236 

1960 

3760 

3790 

4960 

6240 

7 .700 

11,120 

17,im 


510 

600 

1270 

1 

2000 

1 

2840 

3800 

5100 

6410 

7,920 11,430 

17,870 

6 ' 3 " 

520 

710 

1300 

2050 

2900 

3980 

5220 

1 

5550 1 

8,100 11,700 

18,270 


535 

725 

1335 

2100 

2080 

4080 

5340 

6720 1 

8,320 

11,980 

18,740 


545 

740 

1365 

2145 

3045 

4170 

5460 

0860 

8,600 

12.250 

19,120 

6 ' 0 " 

555 

755 

, 1395 

2190 

3100 

4270 

5570 

7000 

8,650 

12,500 

19,530 

6 ' 3 " 

570 

770 

1420 

2230 

3165 

4340 

5680 

7150 

8,820 

12,750 

19,930 

6 ' 6 " 

580 

780 

1450 

2280 

3230 

4430 

6800 

7300 

0,000 

13,000 

20,340 

6 ' 9 " 

500 

800 

1475 

2325 

3290 

4520 

5910 

7440 

0,190 

13,260 

20,720 

7 ' 0 " 

600 

815 

1600 

2366 

3340 

4600 

6020 

7570 

9,360 

13,500 

21 , 1.30 

7 ' 3 " 

610 

830 

1525 

2395 

3400 

‘ 4680 

6130 

7690 

9,500 

13.700 

21,430 

TV 

620 

845 

1555 

2440 

3470 

4760 

6230 

78:10 

0.680 

13,970 

21.850 

7/9// 

630 

860 

1580 

2480 

3620 

4840 

6330 

7930 

9,820 

14,190 

22.200 

yo" 

640 

875 

1610 

2525 

3500 

492 .^ 

6430 

8070 

10,000 

14,450 

22.680 

8 ' 3 " 

650 

885 

1630 

2560 

3640 

0O60 

6530 

8200 

10,180 

14,640 

22,890 

8 ' 6 " 

660 

900 

1660 

2600 

3700 

5080 

6640 

8310 

10,350 

14,900 

23,290 

8 ' 9 " 

670 

910 

1680 

2640 

3740 

5160 

6730 

8430 

10,500 

15,100 

23,600 

9 ^ 0 " 

680 

020 

1700 

2675 

3790 

5240 

6820 

8550 

10,630 

15,300 

23 , 9.30 


Dosing Apparatus for Contact Beds.—For the automatic control of 
contact beds, two sets of apparatus are required, one for filling the beds 
with sewage and the other for emptying the beds after definite periods 
of contact. For filluig the beds, alternating siphons in dosing tanks may 
be used if sufficient is available. In this case the apparatus is 
similar to that described for dosing sand filters. The dosing tank is 
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generally given a capacity equal to the voids in the contact bed. Where 
there is only a limited head available, air-lock feed apparatus has been 
found satisfactory. Various mechanical devices have also been devel¬ 
oped, working in conjunction with siphonic apparatus, to fill and 
empty contact beds. For discharging sewage from the beds after 
contact, timed siphons have been used extensively. 

The automatic apparatus for dosing contact beds may be grouped 
as follows: air-lock siphonic apparatus, mechanically controlled siphons 
and miscellaneous mechanical devices. All three types of apparatus 
have been discussed above. 



The head required for contact-bed api)aratus is often a vital feature 
and in this connection the iigures given in Table 95, prepared by the 
Pacific Flush-Tank Co., are useful. Figure 164 indicates the dimensions 
referred to in the table. 

Instead of building the filling apparatus at one end of the contact bed 
and the discharging apparatus at the other end, it is often more satis¬ 
factory to combine the two devices and locate all the control apparatus 
for the entire plant together in a single building. 

Dosing Apparatus for Trickling Filters.—The design of adequate 
dosing apparatus for trickling filters is closely allied with the design of 
the distribution system. With the various forms of traveling dis¬ 
tributors used extensively abroad no additional dosing apparatus is 
required, so long as the sewage can be delivered to the distributor by 
gravity. In the United States, however, pressure nozzles have been 
used commonly in preference to traveling distributors and the resulting 









660 AMERICAN SEWERAGE PRACTICE 

Tablb 96. —Sizes of Febps and Timed Siphons for Various Rates of 

• Inflow 


Maximum 

Size of Miller- 

Operating 

Depth of 

Size of Miller 

Minimum 

inflow, gal. 

Adams feeds 

head, 

contact 

timed siphons 

head. 

per 24 hr. 

required, in. 

in. 

beds, ft. 

required, in. 

in. 

5,000 

250,000 

6 X 10 

9 

3.5-4.0 

5- 6 


250,000 

400,000 

<> X 18 

9 

3.5-4,0 

6- 8 


400,000 

750,000 

8 X 18 

11 

4.0-5.0 

8-10 

2M 

750,000 

1,000,000 

10 X 24 

13 

4.a 5.0 

i 

10-12 

i 

2\i 

1,000,000 i 
2^000,000 

12 X 30 

15 

! 4.0-5.5 

1 

12-14 

i 

2H 

2,000,000 

4,000,000 

15 X 36 

18 

4.0-6,0 

1 ^ 

1 14 up 

i 

I 

1 


complications necessary to obtain uniform distribution of the sewage 
have brought out a number of devices for controlling the flow. Some 
of these are modifications of methods used in sand-filter or contact-bed 
installations, while others are entirely new. 

The apparatus may be classified as follows: siphonio apparatus, head- 
varying valves and dosing tanks. This equipment has been described in 
this chapter and the hydraulic computations involved in the design 
of dosing equipment for trickling filters have been exemplified in 
Chap. XXII. 

Bibliography 
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CHAPTER XXIV 


THEORY AND OPERATION OF THE ACTIVATED-SLUDGE 

PROCESS 

As was the case with filtration, two opposing theories of the manner in 
which activated-sludge treatment of sewage acts have been adsranced. 
One stresses the physical factois; the other, the biological factors. In 
general, the changes accomplished are probably closely akin to those 
bn ught about by filtration. 

Fundamental Principle? ot the Process.—The first and perhaps most 
noticeable functi<'n of the process is that of coagulating or flocculating 
the*suspended and colloidal matters in the sewage. This action is 
similar in effect to the well-known chemical coagulation with sulfate 
of alumina or sulfate of iron and liiiie and the floe resembles the chemical 
coagulum, particularly the ferric liydrate from ferrous iron and lime 
treatment. 

The floe is a sponge-like mass, or, as expressed by Stein, ‘‘an open- 
mesh network which, in the process of formation, may envelop, Qntrap 
or entrain colloidal matter and bacteria (1). The sponge-like structure 
of the floe offers a large surface area for contact and appears to be able 
to absorb colloidal matter, gases and coloring compounds. Bus well 
and Long (2) have estimated that the sludge surfaces present an area 
of 500 sq. ft. per cubic foot of tank volume. When the floe is driven 
about in the liquid, it has a sweeping action by which the colloidal 
substances may be said to be swept out of the sewage, or, as stated by 
Parker (3), the ‘‘process may be regarded as passing a filter through the 
water in place of passing the water through a filter.” 

Just what the action of bacteria and other organisms may be is not 
fully understood. One plausible theory is that the bacteria which are 
contained in the cell-like structure of the floe feed upon the finely 
divided matter and thus relieve the floe of its burden of such substances 
and restore its power of absorption to such an extent that, when intro¬ 
duced into the incoming sewage, the floe efficiently performs its function 
of absorbing the colloidal matter, which also will be consumed by the 
living organisnivS which thus cause regeneration of the floe. It is 
because of these properties that the sludge has come to be called 
“activated sludge,” a term suggested by Ardern and Lockett (4). 

Buswell and Long (2) have proposed the following stat/cment of the 
biological theory of the activated-sludge process; 
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Activated-sludge floes are composed of a synthetic gelatinous matrix 
similar to that of Noatoc or Meriamopediay in which filamentous and tmi- 
cellular bacteria are imbedded and on which various protozoa and some 
metazoa crawl and feed. The purification is accomplished by ingestion and 
assimilation by organisms of the organic matter in the sewage and its 
resynthesis into the living matter of the floes. This process changes organic 
matter from colloidal and dissolved states of dispersion to a state in which 
it will settle out. 

Harris, Cpckbum and Anderson (5) attribute mainly to enzymes the 
changes in character of sewage effected by the process. 

Regarding the mechanism of the activated-sludge process we are confident 
that the biochemical changes brought about in sewage matter must be 
attributable to enzymic rather than to direct bacterial action. The rapidity 
with which it is possible to effect these changes, the disproportion between 
cause and effect that existed in some of our experiments, and the relationship 
between time and percentage of sludge required, fall into line with the 
experimental evidence of the action of proteolytic enzymes. 

What part, if any, purely physical action plays in the activated-sludge 
process is, in the present state of our knowledge, very indefinite. Many 
observers ascribe the coagulation of sewage colloids to the physical process 
of adsorption, a process admittedly characterized by rapidity of effect. 
Our observations tend to negative this view, as we have invariably found 
that the separation of the colloidal matter in the Shleldhall sewage necessi¬ 
tates $n appreciable period of contact. 

One of the cardinal principles of the activated-sludge process is that 
there must be dissolved in the sewage an ample supply of oxygen to 
maintain aerobic conditions. The action of the organisms in consuming 
the colloidal matter is one of digestion or oxidation, sometimes referred 
to as “moist combustion.^^ Through this action the actual weight of 
suspended and colloidal matter is reduced, the products of the combus- 


Table 96.— Development of Nitrogen Cycle in Experimental Tank 
AT Milwaukee, June 25, 1915 



Hours 

of 

aeration 

Air per 
gallon, 
cu. ft. 

„ ; 1 

Bacteria 
removed, 
per cent 

Nitrogen as 

1 


Free 

ammonia, 

p.p.m. 

Nitrite, 

p.p.m. 

Nitrate, 

p.p.m. 

Raw sewage. 

Effluent. 

0 

1 

0 

0.36 

90 

12.6 

9.6 

0.30 

0.20 

0.54 

2.48 

Effluent. 

2 

0.71 ^ 

96 

5.1 

0.47 

5.20 

Effluent. 

i 

1.08 

95 

1.2 

0.60 

8.80 

Efiluent.'. 

4 

1.42 

0.0 

0.10 

11.60 

. 1 

1 
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tion being carried off in the form of dissolved or gaseous matter. This 
process, under favorable conditions, may extend to nitrification, by 
which considerable quantities of nitrates and nitrites are formed. 
Substantial nitrification, however, is not necessary to the maintenance 
of sludge activity. 

Data regarding the development of the nitrogen cycle in an experi¬ 
mental tank at Milwaukee, Wis., are given in Table 96 (6). 

The importance of the presence of activated sludge in the aerating 
tank is shown in Fig. 105, giving the results of parallel experiments made 
by Bartow and Mohlman (7) at the University of Illinois. In one case 
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Fig. 165.—Effect of aeration of sewage with and without sludge. 


sewage was aerated without sludge and in the other with sludge. In 
both cases nitrification followed the nitrogen cycle, but without sludge 
the completion of the cycle was a matter of days and the stages of 
change were distinct, while with activated sludge the cycle was com¬ 
pleted in a few hours and the nitrite nitrogen was oxidized at once to 
nitrate nitrogen. 

It is evident from the fv)rcgoing that the manner in which the activated- 
sludge process functions still is understood incompletely. It is probable 
that, under the common conditions of sewage treatment by this process, 
physical, physicochemical and biological action all play a part. Helpful 
in obtaining a mental picture of the workings of the process are the ideas 
incorporated by Parsons (8) in a paper in which he stresses differentia¬ 
tion between the three stages of activity which are evident in the course of 
the process, namely, clarification of the incoming sewage, reactivation 
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of the sludge, or restoration of its powers of clarificatioii, and nitrification 
of the sewage and sludge. That there are stages of activity was 
recognized by Ardern and Lockett (4) in their early work. 

The clarification stage is confined principally to the first hour or two 
of aeration. It is chiefly physical in nature and produces the bulk of 
the improvement in the sewage effected by the process. There are two 
requisites, namely, an active sludge added to the sewage and circulation 
of this sludge through the sewage. Aeration, according to tests by 
Parsons and W ilson (9), is not essential during this stage. Bus well (10), 
too, has shown that stirring is more important in the clarification stage 
than oxygen and that activated sludge will function at oxygen levels so 
low that they can scarcely be measured. Grant, Hurwitz and Mohl- 
man (11), on the other hand, have found that, given a chance to absorb 
oxygen, the floe will take up oxygen at a fairly uniform rate throughout 
the common aeration period. This observation does not imply, how¬ 
ever, that oxygen is essential to the first stage. 

Reactivation, or restoration of the powers of clarification, the second 
stage of the process, and nitrification, the third stage, may go on 
simultaneously or nearly so. The second stage is essential to the 
maintenance of the first, while the third stage, as previously stated, may 
be omitted. During these stages changes appear to be brought about 
chiefly by biological agencies and an ample supply of oxygen is one of 
the essential requirements. So far as improvement in the character 
•of the sewage is concerned, the first stage is the most important. For 
the maintenance of sludge activity, however, the subsequent stage is 
cardinal, since upon this factor hinges the whole activated-sludge 
process. The second and third stages, depending as they probably do 
upon biological activity, are naturally more protracted. Hence the 
common periods of aeration reach 4 hr. or more, of which only the first 
and possibly the second hours are essential for clarification. It would 
be incorrect to surmise, however, that the fresh sewage solids entering 
an fiipration unit are converted into activated sludge during a single 
continuous passage through the unit. If, for example, it is assumed 
that return sludge to the extent of ih per cent of the sewage flow is 
kept in service, while the exceas sludge which is withdrawn from circula¬ 
tion amounts to 1.35 per cent of the sewage treated, then the average 
period during which a sludge particle remains in circulation, neglecting 
losses by bacterial digestiosi, is 25/1.35 = 18.5 times the detention 
period. The smaller the proportion of return sludge, the shorter is 
the period of circulation and vice versa; and there is conceivably an 
optimum period, the determination, of which awaits further investigation. 

The second and third stages may be accomplished in the aeration 
units, i.e., with the sludge, whose clarifying or active powers are to be 
restored, in contact with the t dwage, or separate tanks may be provided 
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for the purpose of aerating the sludge settling from the treated sewage. 
The latter practice is known as reactivation or better ^'separate sludge 
re-aeration.^^ Both practices are in use in America and abroad. Their 
relative values are discussed later in this chapter. The staging of the 
process also explains the use of short aeration periods, such as 1 hr., 
prior to treatment of the sewage on trickling filters. This is known as 

bioflocculation,” a practice which receives attention on page 571 of 
this chapter. Finally, a practice known as stage treatment” is also 
based upon an appreciation of these principles. 

Preliminary Treatment.—Grit and other heavy materials are generally 
removed from sewage which is to be treated by the activated-sludge 
process, because these substances are not readily maintained in suspen¬ 
sion and tend to weigh down the sludge and cause it to settle. Their 
removal > educes accumulation and septic decomposition of sludge on 
the tank bottom and t\is reduces obstruction to the passage of air 
from the diffuser plates It is best, too, to keep bulky solids and float¬ 
ing matters out of aeration units, as they do not respond readily to 
treatment, tend to settle on the bottom or float in un'jightly collections 
on the surface, and affect adversely the quality of the sludge settled 
from the tank effluent. Oil seems to interfere seriously with aeration 
ill all types of activated-sludge units. 

Before fine screening was applied to the raw sewage prior to treatment 
by the activated-sludge process at the ^lilwaukee experimental plant, 
quantities of sand, water-logged wood, waste and other coarse materials 
gathered on the plates. Copeland (12) states that ^Hhe deposits of 
sludge upon the Filtros plates forced the air to burst from the restricted 
open areas of the plates at high velocity. The air rose in geysers of 
large bubbles and much escaped without doing the sewage any 
good.” 

Ardem (13) has stated, referring to the experimental fill-and-draw 
tank at the Davyhulme works in Manchester, England: 

The experience gained with this tank has also demonstrated: 

1. The necessity for effective removal of excessive quantities of oily 
matter (trade discharges) from the sewage, which is liable to have an 
emulsifying effect and thus prevent satisfactory clarification. 

2. The importance of adequate removal of heavy suspended matter 
such as grit, sand, etc., or otherwise difficulty may be experienced in the 
accumulation of the sludge, with the likelihood of the formation of deposits 
of de-aerated sludge which undergo secondary decomposition and thus 
produce conditions inimical to the complete success of the process. 

3. The advantage of a filtered air supply in obviating trouble with 
diffusers. 

4. In the case of certain industrial sewages the necessity for the provision 
of a re-aeration tank for economy in the maintenance of the process. 
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Aside from the removal of those matters which interfere with effective 
operation of the treatment process, it may be desirable under some 
conditions to remove also the readily settling solids from the sewage 
prior to aeration, in order to secure a reduction in air requirements 
or, during the period of aeration, a reduction in the bulk of the sludge 
to be disposed of and a reduction in the proportion of those solids 
which are of little fertilizing value. Preliminary-treatment works, 
furthermore, may be planned for the handling of sewage from combined 
systems so as to permit partial treatment of the entire flow received 
and complete treatment of the dry-weather flow only or a limited 
quantity in excess of it. 

Sometimes the lower density of activated sludge produced from 
settled sewage may be disadvantageous, as it may be more difficult 
to dewater such dilute sludge. English experience seems to show that 
such trouble may be avoided, if aeration of settled sewage is carried 
to a point where the effluent is well nitrified, while with raw sewage a 
well clarified effluent is commonly sufficient. Where the readily settling 
solids are high in nitrogen content and the excess sludge is to be marketed 
as a fertilizer, it may be advantageous to dispense with presedimenta¬ 
tion. As a general rule, however, it seems undesirable to produce 
more activated sludge than is required to carry on the treatment 
process. 

The method of sludge treatment and disposal may influence the 
design of preliminary-treatment units. In the event that the sludge is 
to be digested, it has been found advantageous to provide preliminary- 
sedimentation tanks of sufficient capacity effectively to settle out the 
excess activated sludge with the primary sludge. A comparison of the 
relative volumes of sludge to be disposed of under various conditions 
may be afforded by the following calculations, based on a hypothetical 
sewage flow of 1 mil. gal. daily, with 300 p.p.m. of suspended solids 
in the sewage following racks, grit chambers, skimming tanks, or other 
preliminary devices. No allowances are made for the reduction of 
solids by oxidation in the activated-sludge process Or for the 
specific gravity of the sludge, wliich in any event would be near 
unity. 

Casb 1. Fine ecreene and aetivaied-dudge treatment. 

Suspended sofl^ removed by fine screens: 20 p.p.m. 

Suspended solids removed by activated-sludge 
process: 

0.95 X (300 - 20) = 266 p.p.m. 

Volume of excess activated sludge at 98.6 per (‘(‘nt 
moisture: 

100 

?65 X : 17,670 gal. daily. 
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Qabe 2. Pr^imimry s^dimeniatim and activated-dudge trea^ 
ment; primary sludge and activated sludge taken 
separately. 

Suspended solids removed by preliminary sedimen¬ 
tation: 

0.50 X 300 - 160 p.p.m. 

Volume of primary sludge 94.5 per cent moisture: 

150 X = 2730 gal. daily. 

Suspended solids removed by dctivated-sludge 
process: 

0.95 X (300 - 150) = 135 p.p.m. 

Volume of excess activated slutlge at 98.5 per cent 
moisture: 

100 

136 X j-g — 9000 gal. daily. 

Volume of cjmbined sludge: 11,730 gal. daily. 

‘Case 3. Prelimimvry sedirnentatimi and activated-sludge treat¬ 
ment; the waste activated sludge discharged into the 
influent of the preliminary sedimentation tanks and 
settled, out with the primary sludge. 

Suspended solids rtJinovcd: 

0.95 X 300 = 285 p.p.m. 

Volume of combined sludge at 90 per cent moisture: 

too 

285 X = 7125 gal. daily.' 

1 As shown in Chap. XII, with a specific gravity of 1.03, the volume of sludge produced 
under the assumed conditions would be 6,910 gal. daily. 


Choice of preliminary-treatment methods depends upon local condi¬ 
tions. Racks, grit chambers, fine screens, skimming tanks and single- or 
two-story settling tanks all have their part in the economy of the process. 
Most of the newer American plants, including the large works at 
Chicago, Indianapolis, and New York and smaller ones at Pomona, Cal., 
Peoria and Springfield, Ill., Charlott,e, N. C., Elyria, Ohio, and Toronto, 
Ont., provide for some sedimentation before aeration. The small plant 
at Mercedes, Tex., is equipped for pre-aeration of the sewage for 45 min. 
in advance of the addition of return sludge. Pre-aeration is apparently 
of value in “freshening’^ a septic sewage prior to activated-sludge 
treatment. Bell (14) has employed bleach for a similar purpose at 
Barnsley, England. The use of equalizing tanks to reduce peak flows 
and decrease the concentration of industrial wastes that are discharged 
periodically through the day is recommended for certain unusual 
conditions by some engineers. Submerged contact aerators have 
been employed in the Ruhr Valley, Germany, in advance of aeration 
units and a similar use of trickling filters is reported from the Emscher 
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District. The advantage claimed for these combinations of oxidation 
processes is the ability of contact aerators and trickling filters to care 
for sudden changes in the character of the sewage received at the 
plant, notably those due to toxic industrial wastes. Preliminary 
treatment by chemical precipitation has been successfully employed 
at Bolton, England, where the sewage receives strong industrial 
wastes (15). 

In America there has been much discussion of sedimentation tanks 
in preparing sewage for treatment in aeration units. Goudey (16) has 
reported that experiments at Los Angeles have demonstrated that 
preliminary clarification in the activated-sludge process is helpful and 
that raw-sewage solids are not essential in the aeration tanks in order to 
maintain good activated sludge. 

At Essen-Rellinghausen, Fries (17) has arrived at the conclusion 
that the efficiency of the activated-sludge process is enhanced by the 
removal of the solids from the raw sewage. 

Activated Sludge, Ltd., has reported that pre-aeration of crude 
sewage by means of diffused air in the presence of surplus activated 
sludge, followed by settlement in preliminary-sedimentation tanks, 
has been of value in the operation of the activated-sludge plant at 
Oslo (18). 

In the project report for the Wards Island activatednaludge plant 
at New York, Fuller (19) gave the following reasons for adopting 
sedimentation rather than fine screening as a preparatory process: 

1. Settling tanks having 1 hr, detention period at average flow will 
reduce the volume and amount of sludge to be shipped to sea, as compared 
with a plant using fine screens, by several hundred tons per day. This is 
due to the fact that settling tanks will remove at least 30 per cent more of 
the total suspended solids than fine screens, and this sludge will have a 
moisture content of probably 95 per cent, whereas with screens this 30 per 
cent would have to be removed in the final tanks with a probable moisture 
content of 98 per cent. 

2. Settling tanks are readily adaptable to grease removal, while fine 
screens require separate grease-skimming tanks. 

3. The material removed in the preliminary tanks is mostly inert and of 
low nitrogen content, hence the remaining suspended solids are better for 
fertilizer manufacture. 

4. With the heavier material removed by the settling tanks, less air and 
a shorter aeration period should produce the same degree of purification of 
the sewage. 

6. Under local conditions screenings are somewhat more troublesome to 
handle and dispose bf than settling tank sludge. 

6. Fine screens i^tijre housing, and this, together with separate grease¬ 
skimining tanks, mskes them more expensive than the uncovered settling 
tanks, - 'K ' 
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The kind of preliminary treatment most appropriate in any case 
depends upon a careful weighing of comparative advantages and 
disadvantages. So much depends upon local coj^ditions that 
it is not possible to lay down any procedure which is generally 
applicable. 

Final Treatment.—^The effluent fr m aeration tanks ret^uires sedimen¬ 
tation in order to remove the flocculated impurities and produce a clear 
effluent with lo\v biochemical-oxygen demand, as well as ff)r the purpose 
of capturing the activated sludge that must be utilized in the process. 
Vertical-flow tanks of the Dortmund type in England and horizontal- 
flow, mechanically cleaned tenks in this country have been employed 
most commonly as sedimentation units. The return sludge, depending 
upon the system of operation, may receive further aeration in separate 
re-aeration units. 

Where the sewage b onlj partially treated by the activated-sludge 
process, the effluent after settling may be oxidized further on sewage 
filters. This matter will receive attention in a subsequent section of 
Ihis chapter. 

The effluent from activated-sludge plants is generally clear and 
the removal of bacteria is usually high. Disinfection of the plant 
effluent, therefore, is generally less essential than in connection with 
other treatment processes. When needed, however, it can usually 
be accomplished efficiently by using relatively small quantities of 
disinfectant. 

A plant to study methods of sewage reclamation has been put in 
operation in Los Angeles (20). This plant employs sedimentation, 
activated sludge, coagulation, superchlorination, sedimentation, sand 
filtration and dechlorination with activated carbon. The sludge 
removed is digested in separate tanks. The effluent is said to be 
sparkling, clean, tasteless, odorless, colorless, free from suspendeil solids 
and turbidity and to have but a trace of B.O.D. and an oxygen-consumed 
value of 2.5 p.p.m. This effluent is discharged upon natural sand beds, 
through which it is expected finally to reach the infiltration galleries, 
IH miles distant, from which part of the domestic water supply is 
obtained. The cost of producing an effluent complying with the XJ. S. 
Treasury Department standards for drinking water is said to be less 
than the cost of water brought in from outside sources. 

The sewage and laundry wastes from the resort hotels and camps at 
Grand Canyon, Ariz., are treated by sedimentation, activated sludge, 
rapid sand filters and chlorination <21). The plant effluent is used in 
boilers, for cooling water in oil eniJlnes, for irrigating lawns and for 
flushing toilets. Cost of treatment is $0,574 per 1,000 gal., including 
interest and depreciation, as compared with $3.09 for fresh water 
brought in tank cars with a haul of 100 to 120 miles. 
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A small sewage-treatment plant at Barrington, N. J., provides for 
screening, sedimentation, activated-sludge treatment, rapid sand filtra¬ 
tion and chlorination prior to discharge into a small stream which 
contains little pollution (22). The rate of filtration is about gal. 
a minute per square foot. 

Vacuum filters have been installed at Rockville Centre, N. Y., to 
treat the effluent from an activated-sludge plant (23). Paper pulp is 
added to the filter influent, the paper coagulating the suspended solids 
to form a mat on the filter. The purpose of the installation is to reduce 
the quantity of suspended solids reaching the sand filters, which form 
the final step in the sewage-treatment process. 

Complete Treatment.—^An interesting characteristic of the activated- 
sludge process is its adaptability, in the light of the staging of activities, 
to accomplishing several degrees of purification. If the removal of a 
substantial part of the suspended and colloidal solids and bacteria and 
the production of a moderate degree of stability are sufficient, aeration 
of the sewage—but not necessarily of the sludge—can be stopped short 
of material oxidation of organic matter and nitrification. These latter 
activities can be dispensed with, if circumstances jjermit, and a material 
saving in air and tank capacity effected. On the other hand, if com¬ 
plete stability and oxidation of a substantial quantity of organic matter 
are required, the process can be operated so as to accomplish this by 
protracted aeration or by combination with other oxidation devices, 
such as trickling filters. 

Most of the existing American activated-sludge plants are designed 
fv>r complete treatment of the sewage in the aeration units. The early 
plants, such as those at Houston, Tex., Milwaukee, Wis., and Pasadena, 
Cal., were provided with a minimum of preliminary treatment, usually 
fine screening. Later plants, as previously noted, include a certain 
degree of presedimentation. 

In the past there has. been a tendency in American plants to carry 
aeration to a point where there is apprec^iable nitrification of the effluent. 
In some cases this may be necessary in order to secure a sludge that 
settles or dewaters readily or attains a high nitrogen content. When 
the nitrates are reduced below 1 p.p.m., the sludge is reported as having 
a tendency to bulk. This phenomenon is discussed later in the 
chapter. 

In other cases high nik^tes in the effluent may become undesirable 
by inducing objectionable growths of algae and other aquatic organisms 
in the stream receiving the nitrified sewage. Furthermore, high 
nitrification may hsa. uneconotnieal and there may be a considerable 
saving in power nitrification is kept low. 

During early t^ts at MilYaukee, Copeland (6) found that when the 
nitrates were 1.1 p.p.m. after 2)4 hours’ aeration the efficiency of the 
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sedimentation tanks was not good. The settled liquors contained 
15 to 20 p.p.m. of suspended matter and Were noticeably turbid. 

Partial Treatment.—The idea of partial treatment by deration prior 
to filtration was inherent in the original experiments by Clark and 
Gage at the Lawrence experiment station. It was first put to use on a 
practical scale at Birmingham, En, land, where the process received 
the name ^^biofiocculation,^’ and has been employed in this country 
at Decatur, Ill., and Lcmoore, Cal., among other places. Aeration 
is generally carried through the first or clarification stage and the sludge 
is reactivated in separate rc-aeration tanks. The effluent is generally 
passed on to trickling filters which can be operated at greatly increased 
rates, in the vicinity of 2 to 4 times the normal ones, as indicated below. 
Advantages claimed for this combination of processes are the utilization 
ill many cases of existing filterr^ the restriction of plant area where 
expansion of trickling-fi ter w jrks becomes nece.vsary, the prevention of 
apnoyance due to odor' and flies, often associated with trickling filters, 
the reduction of serious disturbances in the treatment process caused 
by variation in the character and quantity of indL‘trial wastes, and 
the more efficient utilization of available treatment processes. In 
explanation of the latter, Martin states that it is by no means certain 
that it is always wise to dispense with filters and that the combination 
of first-stage aeration and trickling filters may at times present the 
best arrangement (24). Whitehead has estimated the relative annual 
cost of a complete bio-aeration plant to be in excess of that of a com¬ 
bined bio-aeration and trickling-filter plant (25). 

Experiments by Clark and Gage (26) at Lawrence, Mass., during 1913 
showed that preliminary treatment by aeration made it possible greatly 
to increase the rate of dosing filter beds and still obtain satisfactory 
results. Aerated sewage to the extent of 350,000 gal. per acre daily 
on intermittent sand filters and 10,000,000 gal. per acre daily on trckling 
filters was successfully treated. The average results of operation for 
the year are given in Table 97. 

The partial treatment of sewage by aeration prior to filtration is of 
particular importance where large areas of filters are already available. 
Martin (27) states: 

The Birmingham sewage, after settlement in tank?, can be deprived of 
about 60 per cent of its residual polluting matter by a short period of agita¬ 
tion with activated sludge. The effluent from this process can then be 
sprayed over the existing percolating filter, and purified at a rate at least 
double that at which settled sewage can be purified. The process has 
deprived the sewage of those constituents which give nse to smell and 
choking of the filter. 

Extension of the filter area can thus be avoided. At Birmingham 
the Hartley-type aeration tanks remove about 60 per cent, or 80 p.p.m., 
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Table 97.— Results or Pre-aeration and Filter Operation at 
Lawrence Experiment Station, 1913 



Free 

ammonia. 

Total albu¬ 
minoid 
ammonia, 
p.p.m. 

Nitrate 

nitrogen. 

Oxygen 

consumed, 


p.p.m. 

p.p.m. 

p.p.m. 


Trickling filter 


Raw sewage. 

38.3 

6.0 

! 

40.7 

Aerated and settled sewage 

36.7 

3.3 

! 0.2 

19.1 

Trickling-filter effluent^_ 



1 17.2 

13.3 


Intermittent sand filter 


Raw sewage. 

38.3 

6.0 

! 

40.7 

Aerated and settled stowage 

25.7 

2.2 

0.5 

13.6 

Sand-filter effluent^. 

! 0.515 

1 

0.344 

28.3 j 

3.1 


1 Avarage. 6.21 m.g.d. per a<Tft. 
» Average , 0.30 m.g.d. per acre. 


of the tine suspended and colloidal matter froiA settled sewage in about 
I hr. and the effluent is treated on trickling filters at almost double the 
rate for unaerated sewage. Relative to the sewage flow, from 2 to 



Fig. 166 —-Relative efficiency of i^tivated-sludge process with respect to power 

consumption. 

5 per cent of return sludge, re-aerated for 18 hr. in Simplex units, is 
required in the aeration units to^ maintain the process. Watson (28) 
has determined , the relative efficiency of the activated-sludge process 
with respect to power consumption under conditions applicable to 
Birmingham, the results hehig presented in Fig. 166. According to hi^ 
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studies, 66 per cent of the impurities are removed during the first hour, 
while this value is raised only to 74,83 and 88 per cent during the second, 
third and fourth hours, respectively. An example will illustrate the 
method of finding the efficiency curve. Calling the work done in the 
first hour 56 per cent, with a power consumption of 16 hp.-hr., and 
the work done during the first 2 hou’-s 74 per cent, requiring 33 hp.-hr., 
the relative efficiency for 2 hours' aeration is 7^3 x 16 == 36 per cent. 

A new aeration unit to treat 12 million U. S. gal. daily has been 
constructed at Birmingham. The aeration tanks are of the diffused-air 
type, with a 60-deg. sloping bottom on both sides of a row of porous 
plates. Pre-aeration of the settled sewage before addition of the 
activated sludge is to be tiled. The sewage with the activated sludge 
is to be aerated one hour. Th-" sludge is to be re-aerated four to five 
] ours ( 2 ‘j). 

According to O'Shaugunes* y (30; : 

* Sewage contains .liulge-forming material not in solution and other 
material which is in true solution. Of the sludge-forming material 
78 per cent to 80 per cent is readily settled out in a plain sedimentation 
tank. The settled sewage then contains non-settling colloidal matter 
which may choke the trickling filter, but which may be flocculated very 
rapidly by the activated sludge. It also contains material which may be 
dealt with only slowly by the expensive activated sludge technique, but 
which is dealt with easily, rapidly and therefore economically on the bacteria 
bed. 

Hatfield (31) has reported on the operation of the pre-aeration plant 
at Decatur, Ill., as follows: 

After two years of testing-station results (32, 33) the pre-aeration unit 
for the Decatur plant was designed and constructed. The testing-station 
data had indicated that with a 2.5-hr. aeration period from 30 to 40 per cent 
reduction in the 5-day oxygen demand of the settled sewage could be 
anticipated, and that the settled aerated effluent could be successfully 
applied to the sprinkling filters at three times the rate, in million gallons 
per acre per day, that could be used with the un-aerated sewage. . . . 

There are six aeration tanks of the Manchester or spiral-flow type which 
have a total displacement period of 2.6 hours at a sewage flow of 10 m.g.d. 
plus a sludge return of 1 m.g.d. . . . There are two 77.5 ft. Dorr clarifiers 
for settling the aerated sewage, which have a total displacement period of 
2.6 hr. and a settling rate of 833 gal. per 24 hr. per square foot of surface. 
The sludge is returned to the influent conduit without provision for re-aera- 
tion and to the influent to the Imhoff-^tanks for sedimentation and digestion 
with the primary sludge. ... 

The plant has never ceased to be a large experimental plant, due to the 
unusual sewage received and the idiosyncrasies of underaerated activated 
sludge. Many experimental nms or periods have been made, but in 
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general the operation may be divided into three groups which will be desig¬ 
nated as (1) ‘‘normal aeration,*' (2) “re-aeration," and (3) “no sludge 
return.** 

Normal aeration consists in operating the aeration plant in the way it was 
designed to run, i.e., using all six aeration tanks to aerate the sewage and 
return sludge and obtaining an average displacement period of about 2.6 hr. 
The volume of sludge return has varied from 0.5 to 2.0 m.g.d. or from 5 to 
20 per cent of the sewage flow. The total quantity of air has varied from 
0.36 to 2.62 cu. ft. per gallon of sewage aerated. In general, about 10 per 
cent of the air is used for aerating the conduits and 90 per cent in the aeration 
tanks proper. . . . 

The averages for the normal-aeration periods are: sewage flow 9.83 
m.g.d., sewage aeration period 2.54 hr., air applied 0.48 cu. ft. per gallon of 
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Fig. 167. —Reduction in 5-day biochemical-oxygen demand by pre-aoration at 

Decatur, 111. 


sewage, influent B.O.D. 163 p.p.m. and B.O.D. removal 32 per cent. The 
suspended matter both in volume and weight was consistently greater in 
the settled effluent than in the influent. . . . 

Re-aeration of the sludge is accomplished by utilizing the first two aeration 
tanks as sludge re-aeration tanks, and the remaining four aeration tanks for 
aeration of the mixture of sewage and re-aerated sludge. This method of 
operation reduces the time of sewage aeration to 66 per cent of that which 
would have obtained with the same sewage flow under the normal-aeration 
method of operation, but allows for a sludge re-aeration period of from 4.6 to 
22.0 hr., depending on the variation of sludge return from 2.0 to 0.41 m.g.d. 


The averages for the re-aeration periods were: sewage flow 9.95 m.g.d., 
sewage aeration period 1.76 hr., sludge re-aeration period 16.6 hr., air 
applied 0.29 cu. ft. per g8i^l(>n i>f sewage and 2.77 cu. ft. per gallon of sludge 
or an overall total application^ of 0.44 cu. ft. per gallon of sewage treated, 
influent B.O.D. 142 p.p.m. and B.O.D. removal 30 per cent. . . . 

No Sludge Return consists in operating the six aeration tanks similarly 
to the normal aeration plan except that no sludge from the Dorr clarifiers 
is pumped to the aeration tanks, but all the sludge is pumped back into the 
influent sewage . jUi^ preceding the Imhoff tanks. There have been only a 
very few occasions when the ^mhoff-tank effluent has shown any signs of 











THE ACTIVATED-SLUDOE PROCESS 676 

containing this aeration-plant sludge. There may be some inoculation of 
the raw sewage with bacteria, protozoa and other materials which do not 
settle out in the Imhoff tanks, but this inoculation is not visible to the eye 
or under the low-power microscope. . . . 

‘‘The volume of air used has been about 0.4 cu. ft. per gallon of sewage. 

The average results . . . were: Sewage flow 10.2 m.g.d., ^sewage aeration 
period 2.48 hr., air applied 0.41 cu. ft. per gallon of sewage, influent B.O.D* 
126 p.p.m. and B.O.D. removal 33 per cent. 

As a result of the testr, Hatfield concludes that the process with 
re-aeration appears to Wv:)rk better than the other methods of operation 
tested, particularly from the standpoint of odor control. He makes 
the following statement: 

Usually there is litth oi no offensive odor from the aeration tanks and 
sprinkling filters, but about twice a month a strong sewage (probably indus¬ 
trial wastes) that causes odors is received. The odor hazard from the 
aeration tanks and filters is apparently greatest with “no sludge return," 
less with “normal aeration" and least with “re-aeration." The larger 
amount of relatively good activated sludge in the system during “re-aera- 
tion" absorbs or oxidizes the odors and reduces the odor hazard, provided 
the sludge is carefully watched and not allowed to overload the oxygen- 
satisfying capacity of the plant. In the latter case the sludge odors are as 
bad as the other odors. With proper attention less odors are noticeable 
during periods of “re-aeration." 

The effect of volume of air on the efficiency of the pre-aeration 
process under the “no sludge return" system was studied by-Hatfield, 
with the results indicated in Table 98. In these tests the sewage flow 
was maintained at 3.48 m.g.d., the aeration period was 2.64 hr. and the 
B.O.D. in the tank influent was 101 p.p.m. 

Table 98.— Effect of Volume op Air on B.O.D. Reduction at the 

PrE- AERATION PLANT IN DeCATUR, IlL. 


Air, 
cu. ft. 

Reduction 

per gal. 

of B.O.D., 

of sewage 

per cent 

0.172 

17.5 

0.288 

28.8 

0.417 

37.2 


Carbohydrate wastes from the corn-products industry greatly 
influence the operation of the Decatur plant. 

The sewage-treatment plant at Lemoore, Cal., is designed for partial 
treatment by the Simplex system preceding trickling filters, operated 
at a rate of 4.5 m.g.d. per acre (34). The depth of filter medium is 6 ft. 
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Four hours of aeration are provided, with 40 per cent return sludge. 
Separate re-acration of the sludge is possible. Plant operation is 
greatly affected by the presence of milk wastes with a 5-day B.O.D. of 
600 to 700 p.p.m. 

Stage Treatment. —^Although, as previously mentioned, it was early 
recognized that the activated-sludge process, as a complete process, 
incorporates recognizable stages of activity, no attempt was made until 
recently to separate these different stages in plant design and operation. 
A number of different experiments are now under way and a measure 
of success has been reported. 

In the light of Parsons and Wilson’s analysis of the activated-sludge 
process, a stage-treatment plant should include a clarifying stage and 
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Fio. ICS.—Two-stage activated-sludge process at Calumet treatment plant, 

Chicago. 

a biological stage, or possibly two biological stage.s, one for reactivation, 
the other for nitrification (9). Furthermore, each of the stages should 
consist of an aeration tank followed by a sedimentation tank. There 
are two conceivable methods of introducing sludge into the different 
stages. In the first method, the sludge recovered by sedimentation 
in each stage is discharged into the influent of the stage producing it. 
In the second method, only well-activated sludge, i.e., sludge settling 
in the final-sedimentation unit or separately re-aerated, is added as 
return sludge to the influent of each .stage. Both methods have been 
employed experimentally. While the second method of sludge addition 
is essentially in accordance with the recommendation of Parsons and 
Wilson, the first does not appear to agree with their concept of the 
stage process. 

At the Calumet treatment plant in Chicago a two-stage process has 
been under test since the fall of 1929 (35). A cross section of the 
experimental unit is shown in Fig. 168 and analytical and operating 
results are given in Tables 99 and 100. 

As indicated in Fig. 168, sludge from the first-stage settling tank was 
added to the first-stage aeration tank and sludge from the second-stage 






Table 99.— Analyses of Raw Sewage and Effluents from Two-stage Activated-sludge Process at Calumet Works* 

Chicago 
Parts per Million 
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Effluent, second stage 

Sus¬ 

pended 

solids 

SJ:2ggSSg22 22 

5-day 

B.O.D. 

COCO'^OOC4h-00»-HOOO 

Dis¬ 

solved 

oxygen 

6.6 

7.6 

7.6 

9.8 

8.5 

7.4 

5.9 

4.7 

4.6 

4.5 
4.1 

-f 52; 

o O 

52 ; 52; 


4- ^ 

Sfffi 

0 

oaos»oooc^^’^’^l<oo^•o> 

50«ot>-;ocob-cocot^co— • 

Effluent, first stage 

Sus¬ 

pended 

solids 

»-iCM»OCOOC^OaoO(Ml^C^ 

O0i0^'^t>-00c0c005fc0»0 

5-day 

B.O.D. 

38 

22 

23 

25 

32 

35.8 

35.8 

35 

39 

37 

22 

Dis¬ 

solved 

oxygen 

10 csi 4 4 N CO 0 0 0 0 

■ 452 ; 

0 0 

1.1 

0.9 

0.6 

1.4 

1.2 
1.1 
1.2 
0.5 
0.4 
0.4 
0.3 

Raw sewage 

Sus¬ 

pended 

solids 

t^(M05OM00»-^Q0ii0'^ 

OCO»-iOC^^O»OCOCOCM 

1 ^ 1 ^ ».H 

5-day 

B.O.D. 

O5OaO5-H0000CO'^CO^»-^ 

tN.r^ooi>-r-oot^o»Oiobr>» 

0 5?; 

11.8 

13.0 

13.2 

10.5 
10.0 
12.1 

11.3 

12.6 
13.2 
12.7 
11.6 

5 ? 

s 2 

Oct. 

Nov. 

Dec. 

Jan. .. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug........ 
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setTtling tank to the second-stage aeration tank. Mohlman and Wheeler 
(36) comment as follows upon their study of this form of the two-stage 
process: 

The average results of analyses of raw sewage and effluents shown in 
Table 99 indicate that the final effluent has been quite satisfactory, with a 
comparatively low B.O.D. and a small amrunt of suspended solids. The 
highest B.O.D. and suspended solids in the final effluent occurred from 
January through April, the period of the year when results are usually 
poorest. [Note: During the summer lower values for B.O.D. and sus¬ 
pended solids were obtained for the final effluent, as shown in Table 99.] 
The results of analyses for both the effluents from the first and second stage 
show little nitrification, but notwithstanding this fact a low B.O.D. was 
obtained in the final effluent. 

According to the operating results shown in Table 100 approximately 
800,000 gal. of sewage has been trew.t«d per day, with an aeration period of 
approximately 0.8 hr. in the first stage and 1.3 hr. in the second stage, 
making^ total aeration period of 2.1 hr. There was no reaeration of sludge. 
This total aeration period for production of a completely treated effluent is 
very much shorter than we ha^ e obtained previously, although approxi¬ 
mately the same period was used during the pre-aeration experiments in 
1928 and 1929. The air requirements shown in Table 100 range from 0.6 to 
0.9 cu. ft. per gallon, excluding the first month. [Note, Approximately 
0.6 cu. ft. per gallon was applied during the summer.] 

Our experiments have not progressed far enough to warrant final conclu¬ 
sions with regard to the efficiency of the two-stage process as compared 
with the normal process of activated-sludge treatment. While we have 
obtained good results with a ver>' short aeration period and comparatively 
low amount of air, we also obtained almost as good results last year in our 
pre-aeration experiments, in which a single stage of aeration was used jfius 
reaeration of sludge. The two-stage process is very sensitive biologically 
and requires careful control, which w’e have not completely perfected as yet, 
although the sludge produced in the second stage from the Calumet sewage 
has generally been well flocculated, settleable sludge. It might be possible 
to retain sludge in the first stage, even with concentrated sewage, by return¬ 
ing sludge occasionally or even continuously from the final settling tank 
but there will probably be operating difficulty in preventing the sludge from 
passing through the primary settling tank. This difficulty has not been 
serious so far in the Calumet tests. The flexibility of the process com¬ 
mends it. The proper operating conditions will have to be found for 
various types of sewage, and consideration will have to be given in design 
for seasonal variation and peak flows, but our results indicate a possibility 
in this scheme for reduction of time required for aeration. Whether such 
reduction in size of aeration tanks will pay for the cost of additional settling 
tanks will have to be determined. 

At Essen-Rellinghausen, Imhoff has tested a two-stage experimental 
plant in which the sludge added to both stages is secured from the 
second-stage settling tank. The sludgi^ removed by first-stage sedimen- 
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tation is wasted as devitalized excess sludge. According to Sierp (36), 
this arrangement reduces the overall detention period of sewage in the 
activated-sludge plant to about two-thirds of that required in single- 
stage treatment. Whether sufficient second-stage sludge can be 
obtained to serve both stages under American conditions of sewage 
flow remains to be determined. Separate re-aeration of first-stage 
sludge may be required. 

Disposal of Excess Activated Sludge. —One of the major problems 
of the activated-sludge process is the disposal of the excess activated 
sludge. This problem looms large because of the great bulk of the 
sludge produced and its unstable character. Among the various 
methods of sludge treatment prior to disposal which have proved 
practical in American plants are dewatering on sand beds; digestion, 
either alone in separate sludge-digestion tanks, or with other sewage 
solids in Imhoff or separate sludge-digestion tanks, prior to dewatering 
on sand beds; lagooning; dewatering by filtration through cloth; and 
heat drjdug. These methods of treatment are discussed chiefly in 
Chaps. XXVII to XXIX, together with the ultimate disposal of the 
sludge. The digestion of excess activated sludge in Imhoff tanks is 
de.^<^bed in Chap. XVI and the use of separate sludge-digestion tanks 
is referred to in Chap. XVII. 

^As previously mentioned, the requirements of sludge disposal have a 
bearing upon the degree of preliminary treatment t'* be provided, as 
well aS upon the requirements of the aeration process. 

A method of concentrating excess activated sludge, developed at the 
Los Angeles experiment station by Goudey and Bennett (37), has been 
described as follows: 

The process entails withdrawal of excess activated sludge ... in the 
form of mixed sewage and sludge from the main aeration tanks rather than 
fr-m the final settling tanks as is usually practiced. T^Js mixture is 
allowed to settle in a continuously operated clarifier designed on a basis 
of 600 gal. per square foot surface area per day. The inlet to the clarifier is 
at the side and influent enters at the botton-. The overflow liquor from 
this excess sludge clarifier is equally as goou as the final effluent from the 
conventional final clarifiers and is mixed with the latter. A chlorine dose 
is applied to the top water of the clarifier to maintain a residual of 1 p.p.m. 
of chlorine in the water above the sludge zone. This dose amounts to 
about 26 lb. per million gallons of sewage treated. The residual chlorine 
carried by the overflow liquor is sufficient to disinfect the final effluent from 
the entire plant. . . . The thick concentrated sludge is pumped but once 
daily from the thickening tank. . . . The average water content (of the 
sludge) after nine months of operation is 94.80 per cent. 

Success with this new method of sludge concentration is due primarily 
to maintaining the presence of the dissolved oxygen which the aerated mix¬ 
ture contains upon entering the thickening tank. 
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Establishment and Maintenance of Sludge Activity.—As with other 
biological sewage-treatment methods^ some time elapses before effective 
operation of new aeration units is established. This is becai’se of the 
necessity of building up the desired quality of activated sludge, the 
vehicle of the purifying agencies. 

The production of activated sludge at^^.ew works, or at a plant which 
has been out of operation for some time, is accomplished without delay 
if good activated sludge can be obtained from a nearby treatment plant 
in sufficient quantity to start operations. Next best perhaps is the 
introduction of sludge from trickling-filter humus tanks, for this type of 
sludge is similar in character to activated sludge and has been found 
to aid in the accumulation of an adequate supply of activated sludge 
from sedimentation and aeration of fresh sewage. For example, in 
starting some of his activated^sludge experiments at the Milwaukee 
testing station, Copeland produced good sludge in this manner in 
a little^ more than a week. 

When neither activated .sludge nor trickling-filter hurnus is available, 
the aeration unit may be broken in either by ojierating it on a fill-and- 
draw basis, fresh sewage being added about four times a day, or by 
working the tanks at a greatly reduced rate and discharging into the 
influent all the sludge settling from the tank effluent. Ordinarily, 
normal operation becomes possible in 2 to 6 weeks. 

When the North Toronto plant at Toronto, Ont., was placed in 
operation, all the sewage was passed through the plant and all the sludge 
settling in the final-sedimentation tanks was discharged into the mixing 
channel, whence it passed into the aeration tanks. An activated-sludge 
floe was developed and effective clarification secured in about 6 weeks. 

The time required and difficulties to be encountered in starting up 
an activated-sludge plant are of particular importance in the case of a 
plant where the increase of stream flow and change in requirements make 
it unnecessary to provide complete treatment throughout the year. 
As reported l^y O’Hrien (38), the aeration units at the plant of Lima, 
Ohio, were taken out of ser\dce from January to April, inclusive, 1933, 
with a resultant saving of about $3,500 in power charges. He states: 

No difficulties wert^ encountered in building up a body of activated sludge 
on the two occasions of starting up the aeration units, a characteristic 
brown sludge was secured in less than a week and the effect of the treatment 
was noticeable in the effluent on the day after aeration was started. 

Once a tank is broken in, the sludge normally retains its action. The 
quantity of sludge continues to increase until there is an accumulation 
of excess sludge which must be withdrawn from circulation. The 
maintenance of sludge activity is essential to the process. Some of 
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the difficulties encountered in operation will be considered in other 
sections of this chapter. 

Experiments with artificial sludges, such as iron, aluminum and 
manganese hydroxides and silica “gels,*^ have shown that they are of 
little practical benefit. Although they may intensify oxidation, it is 
said to be difficult to maintain them active.” Ferrous iron and 
nitrites, which take up oxygen quickly, were found by Buswell to act 
as carriers of oxygen to the bacteria. 

Ridenour and Henderson (39), after studying the relative advantages 
of high and low concentration of return sludge, report as follows: 

The rate and degree of purification through an activated-sludge plant 
may be decidedly impaired by concentration of the return sludge in the 
final settling tank sumps. This concentration allows the sludge to grow 
stale at a rapid rate. Even a moderate deviation of the sludge from its 
original condition by virtue of short concentrations greatly reduces the rate 
of purification through the aerators. The effect of this stale return sludge 
a most important on plants with comparatively short detention periods. 

^ Some index for use in maintaining a good quality of return sludge is as 
vitally important to good activated-sludge plant operation as any of the 
other important indices used for plant control. At this plant the index used 

the ratio between the suspended solids in the returi; sludge and the sus¬ 
pended solids in the aerator, which represents the degr *e of concentration 
of the return sludge in the final settling tanks. The lower the ratio or con¬ 
centration the more efficiently the purification process will perform . . . 
A ratio of 2.6 to 3 has proved satisfactory for normal operating requirements 
at this plant. 

Ridenour has found it advantageous to maintain activated sludge 
in a fresh condition by carrying a large volume of return sludge and 
low concentration of solids, even though the aeration period was cor¬ 
respondingly reduced to a considerable extent. 

Recent studies by workers of the U. S. Public* Health Service have 
led to the identification of the adsorbent principle in activated sludge 
as a base-exchanging substance, chemically identical with the zeolites 
of water purification (40). These investigators assert that sterilized 
sludge can be regenerated by sodium chloride, in the same manner as 
the commercial zeolites. Under natural conditions, of course, regenera¬ 
tion of the sludge is called ^^reactivation,” with bacteria as the active 
agents. 

Sludge Re-aeration. —Three general arrangements of activated-sludge 
units have been employed. ,,These are outlined by Pearse and Mohlman 
(41) as shown in Fig. If the period of aeration, the quantity of 
return sludge and all othm* operating conditions are suitably regulated, 
the/^direct return” method can boluccessfully employed and most of 
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the recent American plants—Chicago, Ill., Indianapolis, Ind., New 
York, N. Y., North Toronto, Ont., and others—make use of it. 

“Re-aeration of sludge return’' was employed in some of,tlie earlier 
American plants, such as those at Houston, Tex., and Pasadena, Cal. 
At the Des Plaines works of the Sanitary District of Chicago, parallel 
tests of “direct return” and “re-aeratita of sludge return” seemed to 
show no economy in favor of the latter, either in air or in required tank 
capacity. In tests at Milwaukee, where sludge containing 2 to 3 per cent 
of solids was aerated, the air appeared to accumulate in large bubbles 
and escape from the surface at irregular intervals. This tendency 
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Fig. 169.—Schemes of flow in activated-sludge plants. 


appeared to render the air less effective as a means of agitation and 
possibly also to interfere to some extent with the uniform distribution 
of dissolved oxygen throughout the sludge. 

Hatton (42) reported as follows: 

It was hoped that bj'' rcaerating the sludge the aerating capacity might 
be reduced due to a richer sludge, but our experiraeats indicated that this 
was not a fact, at least to the extent of warranting us in providing extra 
tankage and air for reaeration. 

Concerning re-aeration at Pasadena, Orbison (43) states: 

The use of re-aeration tanks was discontinued for a while, but this has 
now been resumed, because it was found that the particles of floe which 
return into the raw sewage function muc|L more effectively when reaerated, 
especially after being pumped from the clarifiers to the re-aeration tanks. 
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R&^^ration and settling of return sludge was employed experimentally 
at the Stockyards testing station in Chicago (41). 

The following paragraphs are quoted from the report of the tests: 

The average operating results are summarized [Table 101] during summer 
conditions in 1916, when the sludge was not re-aerated, and during 1917, 
when the sludge was re-aerated and resettled. 


Table 101.—Results of Tests of Re-aeration and Settling of Return 
Sludge at Stockyards Testing Station, Chicago 



Aera¬ 

tion 

period, 

hr. 

Set¬ 

tling 

period, 

hr. 

Air, 

Cll. ft. 

per 

gallon 

Ratio of 
return 
sludge to 
sewage 

Sewage 

treated, 

gal. 

daily 

Per 

cent of 
sludge' 

1 

j 

1 Period 

compared 

1 

deration alone. 

9.0 

1.3 

3.5 

0 60 

61,000 

1 33 

i 

j July 2 to Oct. 22, 

it 


1 


1 



1 1016 

Re-aeration and set¬ 

(i.G 

1.7 ' 

3.5 

1 0.30 I 

«i8,800 

33 

j Mar. 27 to Nov. 

tling. 1 


i 

1 

1 ! 
1 1 



1 14, 1917 

i 


\ Percentage of sludge in volume in aeration tank, after settling Ihr. 


In general a comparable effluent was producetl by cacdi method of opera¬ 
tion but the effluent from the primary settling tank in 1017 was of low grade. 
When mixed with the resettled effluent, however, the quality was improved 
sufficiently to approximate the otlier effluent. 

The general summary indicates that a saving of approximately 27 per 
cent of aeration tank volume can be obtained with re-aoration and resettling 
of the sludge, but that about 30 per cent more settling tank capacity must 
be provided. As settling periods are much loss than aeration periods, a 
saving of 20 per (!ent in total tank voluim^ may be obtained by re-aeration. 

It was concluded at Chicago that, althc>ugh re-aeration effected a 
substantial saving in tank space, it increftsed the complexity of the 
process and necessitated more careful supervision of the plant. For 
these reasons it was doubtful whether re-aeration and resettling would 
be desirable in a practical working plant. 

It may be advantageous, however, in special cases, such as the treat¬ 
ment of industrial wastes, or sewage containing large quantities of these 
wastes, and partial treatment by the activated-sludge process. English 
experience in general is rather favorable to separate re-aeration of the 
return sludge. At Binningham, for instance, where it is'desired simply 
to sweep out a sufficiept pprtion of the^suspended and colloidal matters 
so that the effluent tti^y be applied at higher rates to trickling filters, 
it b considered essential to re-ao^ate the activated sludge, in order to 
maintain it in good condition. 
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As previously stated, Hatfield at Decatur, Ill., has found that re-aera- 
tion appears to work better than other methods of operating the pre- 
aeration plant which he has tested. 

Properties of Activated Sludge.—From the standpoint of plant 
design and operation the most important properties of activated sludge 
are the ability of the return sludge to^etfect continuously the desired 
degree of purification of the sewage treated; the readiness with which 
the sludge in the effluent from the aeration units will settle as a relatively 
concentrated mass within the limits obtainable with this type of sludge 
floe; the facility with which the excess sludge will give up its water 
content after conditioning with or without other treatment^ such as 
digestion; and, where sludge is to be emploj^ed as a fertilizer, the richness 
of the excess sludge in fertilizing constituents—nitrogen, phosphorus 
and potash. All these properties enter into the economics of the process 
and should receive consideration in planning and operating activated- 
sludge*works. 

Thoroughly-activated sludge floe generally has a golden-brown color 
and is relatively compact. Underaerated floe is usually light brown in 
color, fluffy and relatively light in weight. Overaerated floe may be 
of a muddy-brown color, probably due to the breaking-up and disinte¬ 
gration of the floe into relatively fine material which settles slowly and 
leaves a turbid supernatant liquid. A trained operator often relies 
upon the color of the sludge as an indicator of its quality. 

Well-activated floe settles more readily than underaerated floe and 
forms a denser sludge, leaving the supernatant liquor clear. Under¬ 
aerated floe is so light that it forms a thin and bulky sludge which is 
apt to be carried <jut of sedimentation tanks with the effluent. 

As compared with sludge obtained in the treatment of sewage by 
other processes, activated sludge is relatively high in its water content. 
When well aerated and accumulated under favorable conditions, it 
generally contains about 2 per cent solids, or 98 per cent water. Par¬ 
ticularly well-activated sludge may contain as much as 3 per cent solids, 
or slightly more, while underaerated sludge may contain only 0.5 per 
cent solids, or even less. This variation in density has an important 
bearing upon the design and operation of the plant, for a sludge con¬ 
taining 0.5 per cent solids has a volume four times as great as that 
containing 2 per cent solids. 

On the whole it appears that a well-activated sludge is most amenable 
to dewatering and is richest in fertilizing constituents. 

Microbiology of Activated Sludge.—The activities of living organisms 
in activated sludge and their relation to the theory of the process are 
discussed at the beginning of this chapter. As far as their significance 
in plant operation is concerned Ardern and Lockett (44) have concluded 
that the different species of protozoa found in activated sludge are 
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mdieative of the condition.of the sludge; that in the treatment of sewage 
by the activated-sludge process, under suitable aeration conditions, 
protozoa have no adverse influence on the settling properties of the 
sludge; and that, from the standpoint of sewage treatment in general, 
protozoa play no important part in the purification effected by activated 
sludge, although it is possible that they facilitate the production of a 
more highly clarified effluent. 

They classified the protozoan population of different sludges as 
follows: 


Condition of sludge j 

Amoebae 

(Sarcodina) 

1 

Flagellates 
( Mastigophora) 

Ciliates 

{Infusoria) 

o. Bad. 

Preponderance 

Preponderance 

Very few 

5. Unsatisfactory. 

Many 

Many 

Few 

c. Satisfadtory. 

Good, t.c., nitrification 

Few 

Few 

Preponderance 

well established. 

Rare 

Very few 

Preponderance 


Sludges (a), (6) and (c) were more densely populated than sludge (d). 
It should be noted that the ciliates are largely bacteria eaters, while the 
other groups are scavengers and live chiefly on organic debris. Similar 
conclusions have been drawn by other workers (45).; 

Oa the other hand, Cramer has concluded, from the results of experi¬ 
ments at Milwaukee, that protozoa play an important part in the 
activated-sludge process (46). He explains that 

... in the activated-sludge process the material to which both bacteria 
and protozoa cling, and which carries both down in the settling process, 
is mostly organic. It is decomposed by both aerobic and anaerobic 
baicterial life processes, and would remain in a colloidal, nonsettleable 
state if the protozoa did not resynthesize it, assembling it in particles 
(their own bodies) that are so large they will not disperse. 

The sludge will not maintain its power to 3arry down with itself bacteria, 
protozoa, and* more finely divided organic matter unless a vigorous and 
healthy protozoan life is maintained in it. A daily careful and intelligent 
microscopic examination of the sludge will soon be recognized as the most 
effective means of diagnosing operaliug conditions and difficulties. 

Sludge Bulking.—Occasioni^ly a phenomenon known as sludge 
bulking’’ is observed in treatment plants. It is so called because the 
volume of the sludge swells and becomes unusually great. An unsatis¬ 
factory degree of puriffoation generaLV results. There is some uncer¬ 
tainty as to the cause, of sludge bulking. The phenomenon has been 
ascribed to septic conditions wj^ch may be due to factors such as 
underaeralion, prolonged detention of sludge in settling tanks, accumula- 
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tion of sludge on the bottom of aeration units or sludge-return conduits, 
return to the process of overflow liquor from separate sludge-digestioxi 
tanks or sludge-dewatering operations and sudden discharge of septic 
solids from the sewer system. Many workers, on the other hand, are 
of the opinion that sludge bulking is due chiefly to the presence in the 
sewage of certain industrial wastes, notably milk wastes, starch wastes 
and brewery wastes. All these wastes contain carbohydrates, which 
favor the growth of filamentous fungi, especially .sometimes 

identified as Sphaerotilm naianSy the sewage fungus. Growths of this 
group of organisms have been associated with sludge troubles at Chi¬ 
cago (47) and Decatur, III. (45). Sludge bulking has not been reported 
in the treatment of sewage containing those industrial wastes, such as 
tannery wastes and iron wastes, which do not include carbohydrates. 

Overaeration has also been blamed for sludge bulking. An increase 
in the protozoan population of the sludge is commonly noted when 
bulkiag occurs, but this is not believed to be a causative agency. 
Generally speaking, bulking seems to be more common with strong 
English sewages than with the more dilute American sewages. This is 
to be expected, no matter which explanation of sludge bulking be 
accepted. 

At the present time, British engineers, who have had more experience 
with this phenomenon than American engineers, seem to be fairly well 
agreed that sludge bulking should not be ascribed to either underaeration 
or overacration, but to the nature of the sewage undergoing treatment. 
Most of the British workers hold that a reduction in the proportion of 
return sludge to 15,10 or even 5 per cent by volume vrill prevent bulking. 
Some believe, however, that increased aeration is also efficacious. 

Some trouble has been experienced abroad with the destruction of 
activated sludge by the larvae of ChironomuSy or blood worms, which 
seem to feed upon the sludge. At Essen-Rellinghausen these organisms 
have been effectively removed from the return sludge by passing it 
through fine screens. 

Sludge Index ,—The condition of activated sludge with regard to 
bulking may be indicated by the ratio of weight to volume, a relationship 
for which Donaldson has suggested the term “sludge index.Theri¬ 
ault (48) early suggested a method of determining the ratio of weight to 
volume of activated sludge, which he termed the “sludge ratio.’’ This 
was determined by dividing the total suspended solids in the aeration 
tank, expressed in parts per million, by the settleable solids in a 30-min. 
period, expressed in cubic centimeters per liter. On this basis it was 
reported that sludge with a ratio of 20 or more was in good condition, 
whereas sludge with a ratio of 5 or less was in bad condition. 

After reviewing the work of Theriault, Donaldson (49) has suggested 
that the sludge index be determined by dividing the weight of sue- 
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pended solids, expressed in per cent, by the volume of sludge settled in 
30 minutes, also expressed in per cent, the result being multiplied by 100. 
The sludge index, thus determined, is one tenth of the sludge ratio, as 
computed by Theriault. 

Other methods of computing the sludge index have also been reported, 
in which the bulking sludge is expressed by a diminishing numerical 
index. This has seemed by some investigators to be inconsistent with 
the concept of bulking and they have inverted the equation, placing the 
results of the settling test in the numerator and thus giving an increasing 
numerical index for bulking. 

Mchlman (50), after investigation of the various methods of deter¬ 
mining the sludge index in use at the more important American activated- 
sludge plants, or research stations, has recommended the following 
uniform technique and method of computation, to the end that results 
may be comparable: 

The sludge index is the volume in cubic centimeters occupied by one 
gram of sludge after settling 30 min. The sample is collected at the outlet 
of the aeration tank, settled 30 min. and the volume occupied by the sludge 
reported in per cent. The sample is thoroughly mixed, or the original 
sample taken, and the suspended solids determined and reported in pc^r cent 
by weight. The sludge index is computed by dividing the result of the 
settling test, in per cent, by the result of the determination of suspended 
solids, also in per cent. 


Plant 

S 

Average or 
normal 

ludgeindex 

Miuimum 

Maximum 

Chicago, Ill., Calumet plant. 

65 

29 

100 

Chicago, III., North Side plants. 

tiS 

35 

100 

Cincinnati, Ohio, U. S. P. H. S. 


40 

910 

Hagerstown, Md. 

160 

68 

454 

Indianapolis, Ind.^. 

186 

74 

312 

Lima, Ohio^. 

71 

59 

115 

Milwaukee, Wis. 

75 1 

44 

100 

New Jersey Exp. Sta. i 

... 

35 

500 

Pasadena, Cal. ,- 

104 

63 

262 

Peoria, 111.^. 

100 


250 

Salinas, Cal. 


83 

167 

San Antonio, Tex.*. 

168 

72 

306 

Toronto, Ont., North Toronto plant... 


40 

200 


^ 60 minutes’ settUnf. 
’ 260-00. cylinder. 

* 600 -ec. oylioder. 
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This inverse sludge index has been used by Palmer and Smith at the 
North Side and Calumet plants in Chicago, by Heisig at Milwaukee, 
by Kraus at Peoria, and by the authors during tests at Toionto. The 
index varies from 40 for rapidly settling sludge to 200 or more for slowly 
settling or bulking sludge. The Donaldson index can be converted to 
the recommended index by dividingf into 100 and the Theriault by 
dividing into 1000. Mohlmari has collected the essential data from a 
number of plants and stations and computed the sludge index on the 
recommended basis as shown in the table on page 5S8. 

Bacterial Digestion of Sludge in Aeration Tanks.—Bacterial digestion 
of sludge is likely to be more m.arked at the moderate temperatures of 
summer than at the low ones of winter. Such action may be expected 
to reduce the quantity of sludge to be disposed of and may account, in a 
measure, for discrepancies in the observed quantities of sludge at differ¬ 
ent plants and at the same plant at different times. Indeed certain 
test^, which the authors have made, indicate that at times of favorable 
bacterial action the quantities of sludge and of solid matter contained 
in it have been reduced, presumably by such digestion, as compared 
with the (piantity previously in the tanks, notwithstanding the accre¬ 
tions from additional sewage. These tests also indicate that it is 
possible to carry bacterial digestion so far that the sludge will become 
disintegrated and will lose its clarifying power. When this condition 
obtains, removal of a part of the overdigested sludge or reduction of the 
aeration period is followed by the rapid building up of a large quantity 
of fresh activated sludge, which results almost immediately in a well- 
clarified effluent. 

Studies by Pearse and Mohlman showed a digestion of only 5 per cent 
during tests running from July 1, 1916, to Mar. 26, 1917 (41). From 
Mar. 27 to Nov. 14, 1917, on the other hand, 16 per cent of the sludge 
was lost by digestion. The estimated loss of sludge solids by digestion 
at the Milwaukee plant during a 6-month period ending in April, 1929, 
was 9 per cent. At Pasadena there was an apparent reduction of 6 per 
cent in sludge solids during the year ending June 30, 1929, and of 6.7 
per cent during the year ending June 30, 1930. 

Obtaining dependable estimates of the loss of suspended solids 
through digestion in the aeration process is attended by great difficulties, 
because of unavoidable inaccuracies in measurement and sampling; 
hence there probably will continue to be much uncertainty in the 
application of suitable allowances. 

Nitrification and Nitrogen Balance.-~;-The nitrogen contained in the 
sewage entering activated-sludge units may find its way into the effluent 
and into the sludge, or it may be lost as gaseous nitrogen. Fixation of 
atmospheric nitrogen, considered by some workers as being an important 
feature of the process, apparently does not play a significant part, if any. 
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It has been claimed that activated sludge normally contains more 
nitrogen than the fresh sewage solids from which it originates. This has 
been attributed by different workers to a number of different agencies, 
as follows: 

1. The “burning out of carbon/^ while nitrogen remains in the sludge (7). 

2. The initial absorption of ammonium salts by the sludge, with subse¬ 
quent assimilation of these salts by ammonia-fixing organisms (51). 

3. The taking up by living organisms of nitrates, nitrites and ammonia 
nitrogen and their resynthesis into protein (52). 

4. The flocculation of colloids and secondly the growth of bacteria and 
higher organisms (53). 

In general, therefore, there seems to be evidence that an interchange 
takes place between the nitrogen in the liquid and the nitrogen in the 
sludge, probably to the advantage of the latter. 

Some nitrogen may be lost in gaseous form. In computing the 
nitrogen balance of the Packingtown plant at Chicago, Pearse and 
Mohlman (41) noted a recovery in the sludge of 19 and 22 per cent, 
respectively, of the total nitrogen in the stockyards sewage in the 
summer and winter while employing 3 to 7 cu. ft. of air per gallon of 
sewage. At the same time a loss of nitrogen to the atmosphere amount¬ 
ing to 41 per cent in the summer and 23 per cent in the winter was 
recorded, Reddie arrived at a loss at Bradford, h^ngland, of 8.0 per cent 
during January and February and of 18.6 per cent during April and 
May (54). Richards and Sawyer state that tests at llarpenden (51), 
England, showed that 15 per cent of the total nitrogen entered the 
sludge from strong sewage and 27 per cent from sewage of half the 
strength to which half the normal volume of air was supplied. Studies 
by Buswell and Neave show a recovery of 26.6 per cent of the influent 
nitrogen from Champaign, Ill., sewage and practically no loss of nitrogen 
lo the atmosphere, when 0.7 to 1.4 cu. ft. of air per ga). of sewage were 
employed (52). Summarizing their study of the biochemistry of the 
activated-sludge process, these workers co .dudtj as follows: 

1. An effluent of reasonable stability Ccin be obtained without using air 
sufficient to produce nitrification. 

2. Denitrification‘results in protein formation rather than loss of nitrogen. 

3. There is apparently no loss of nitrogen when using a minimum volume 
of air for aeration. 

4. There is no evidence of nitrogen fixation, even when treating with 
FeS 04 to stimulate crenothrix-like organisms. 

As previously stated, a limited degree of nitrification seems to be 
essential for obtaining a doc that will settle readily and that is amenable 

1 In the striotest teoie rediiMion of nitn^tee and nitrites with the loss of nitrogen, but 
used by Busw^ and i^eave to imply ahtn asginulotion of nitrates and ammonia nitrogen by 
living organiama. 
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to dewatering. In connection with the latter, Ardern (56) reviews his 
experience with sludge-dewatering by an Oliver filter as follows: 

Evidence is available to show that sludge resulting from ch<5 treatment of 
raw sewage with the production of nitrified effluents is suitable for dewater¬ 
ing by the vacuum-filtration process after chemical pretreatment. In the 
case of Manchester (Davyhulme) sewage, however, sludge of this type is not 
readily obtainable, owing to the frequent inhibition of the nitrification 
process by doses of trade waste. 

So far as this investigation has pro<;eeded it would appear as if, in the case 
of Manchester sewage (Davyhulme Works), sludge of a suitable character 
and condition for dewatering by vacuum treatuient is procurable only by 
treatment of: 

a. Raw sewage, so as to obtain a clarified ratlier than a nitrified effluent; 
or, preferably, 

h. Sedimentation tank liquor fo well atlvanced nitrification. 

Wihter Operation.—In extremely cold weather at Milwaukee, 
Coj>eland (12) found that the free ammonia was not reduced and nitrates 
were not formed in material quantity, but the removal of organic matter 
was so great and the low temfierature of the sewage permitted the liquid 
to absorb so much dissolved oxygen that the effluent was stable in the 
alisence of nitrates. It was also found that melted snow from the 
streets and the cold, muddy storm water in the earl}’^ spring caused a 
decrease in the size of the fioc and in its ability to adsorb colloidal matter. 
This condition could be limited, in part at least, by increasing the air 
supply by about 25 per cent. 

Cold weather was found by Pratt and Gascoigne (56) to have no 
appreciable effect on the process at the Cleveland testing station, where 
clarification instead of stability was the operating aim. The Cleveland 
experimental plant was placed in oj)eration on Feb. 10, 1916, when the 
temperature was 22®F. and the bottoms of the tanks were covered 
with ice. According to Pratt and Gascoigne, 

. . . within 10 days activated sludge was produced—during a time when 
the temperature of the atmosphere varied from 14 to 43®F. and that of the 
treated sewage from 54 to 59°. The sludge was typical in appearance and 
settled as rapidly as any produced since then. There appears to be no 
reason why an activated-sludge plant cannot be placed in operation during 
the coldest months of the year. 

Lederer (67) has suggested that in cold weather the turbidity of liie 
effluent is a good index of its quality;. At such times he found, in 
the treatment of sewage from the stockyards and Packingtown in 
Chicago, that the stability was 100 per cent with turbidities of 10 p.p.m. 
or less; it varied between 50 and 100 p^r cent with a turbidity of 15 and 
fell off rapidly when the turbidity exceeded 15. 
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Ardern and Lockett (4) state that, generally speaking, temperatures 
below 50®F. have been shown to exert a marked retarding effect upon 
oxidation, while temperatures above 90®F. cause an initial lag in 
nitrilication with a subsequent increase in the rate. It has been 
suggested that sewage could be warmed by heating the air used for 
aeration and some have feared that the process of aeration would cool 
the sewage sufficiently to cause cessation of action in winter. Neither of 
these thoughts is well founded, as can be proved by a consideration of the 
specific heat and weight of air. 

Eddy and Fales (58) have explained the matter as follows: 

The specific heat of air is approximately 0.238 (water = 1), whence 4.2 
times as much air as water by weight is required to produce a given result 
in heating or cooling. The specific gravity of air equals 0.00129-1- 
(water — 1), whence 1 volume of water weighs the same as 775 volumes of 
air. The relative volumes of air and w^ater at a given temperature, to have 
the same calorific power, are therefore as 3250:1. On the basis of the 
above computations, 100 times the actual quantity of air being used for 
20 hours’ aeration would be required at 90®F. to raise the wastes from 50 to 
70®F. in 20 hr. If the air were heated to 212°F., 500 times the quantity of 
air being used per hour would be required to raise the temperature of the 
wastes from 50 to 70®F. in 1 hr. 

Effect of Industrial Wastes.—In the activated-sludge process, as in 
other treatment processes, the presence of industrial w’astes may have 
ah appreciable bearing upon the operation and design of the works. 
In activated-sludge plants any increase in loading due to putrescible 
<)rgamc wastes requires consideration, as well as direct interference with 
biological activity, aeration and sludge disposal. Wastes containing 
copper from copper-working mills, or arsenic and other metallic poisons 
from paint industries, have interfered seriously with the process, 
although there is a limited tolerance to such substances, as there is to 
phenolic wastes. In concentrations of 3 per cent or more, acids and 
alkalies are also detrimental to the activating organisms. Tar and oil 
give rise to an important problem by preventing effective aeration and 
affecting the sludge. 

The results obtained at a number of activated-sludge plants are given 
in Table 102. The removal of suspended solids ranges from 85.5 per 
cent at the Irwin Creek plant in Charlotte, N. C., to 96.5 per cent at 
San Antonio, Tex. Bacterial removal at Indianapolis is 97.6 per cent, 
at Milwaukee, 97.5 per cent, and at Charlotte, 98 per cent, making a 
favorable comparison with the standards quoted above. The removal 
of five-day biochemichl-oxygen deimnd ranges from 87.3 per cent at 
the Sugar Creek plaint in Charlotte to 95.3 per cent at Milwaukee. 

The effect of carbohydrate wi^tes upon the process has been discussed 
inreviously in connection with the'phenomenon of sludge bulking. Some 



THE ACTIVATED-SLUDOE FROCEiii^ 


593 


industrial wastes, on the other hand, are believed to improve oxidation 
by conveying oxygen to the bacteria or otherwise acting as catalysts. 

It is in connection with the control of noxious industrial v/astes that 
the use of equalizing tanks has been advocated, in order to reduce the 
concentration of interfering substances to the limit of tolerance or 
“threshold^’ dose, by distributing their discharge more or less uniformly 
over the 24 hr. of treatment. Preliminary treatment by submerged 
contact aerators or trickling filters is also considered advantageous. 

Effect of Liquors from Sludge-treatment Processes.—Some decrease 
in the efficiency of activated-sludge units has been observed because of 
the addition to the sewage-tjreatment process of liquors displaced from 
separate sludge-digestion tanks or discharged from centrifugal machines 
used for sludge dewatering. The experience of McConnell with diges¬ 
tion-tank overflow liquor at the Sugar Creek plant in Charlotte, N. C., 
has been discussed in Chap. XVII. 

Similar experiences are reported by Fischer (59) for the Salem, Ohio, 
])lant. Operating difficulties were overcome by connecting the return- 
sludge line to the sedimentation-tank influent and discharging the 
excess activated sludge through this line into the plant influent. The 
mixture of primary sludge and excess activated sludge was pumped to 
the digester at frequent intervals for short periods of time. A relatively 
clear digester effluent was secured by this means, whereas direct dis¬ 
charge of excess activated sludge into the digester produced unsatis¬ 
factory results. 

Experiments were made at Milwaukee with dewatering the excess 
activated sludge by a centrifuge and discharging the effluent of the 
centrifuge, which was still high in suspended solids, into the aeration 
plant, Copeland (60) reported that 

... in every case where such procedure was kept up for a considerable 
time we found, 

First, the volumes of waste sludge increased day by day. 

Second, that the numbers of bacteria and quantity of suspended matter 
carried by the Demonstration Plant effluent increased. 

Third, that the stability of the effluent of the demonstration plant 
decreased. 

After a week of such treatment the plant effluent would not meet our 
standard of purification. 

Degree of Purification Secured.—An important characteristic of the 
activated-sludge process is the high delgree of purification which may 
be obtained. 

So large a proportion of the suspended solids and colloids may be 
removed that under ordinary conditions the settled effluent will be clear 
and contain but little suspended matter and comparatively few bacteria. 



Table 102. —^Results of Analyses of Sewage and Epplobnt from Actiyated-sludge Plants 
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Per cent remov^. 98 | 98 . . .... 97.6 
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The reduction in bacteria, however, is accomplished by ph 3 rsically 
removing them, rather than by destroying them as in the case of dis¬ 
infection. As far as pathogenic organisms are conc^ned, actual 
destruction probably takes place, owing chiefly to the presence of 
predatory protozoa, food rivalry of other bacteria and the time factor. 

In many cases color may be remcr.ed, probably by action similar 
to that of mordants. 

()dor.-producing substances may be oxidized directly or they may be 
absorbed, the effluent being comparatively free from odors noticeable 
to the ordinary observer. 

Oxidation of organic matter in sludge occurs coincidentally with its 
flocculation and there may be nitrification where the treatment is 
fairly complete. In the latter case, the treated sewage may be charged 
with a substantial quantity of available oxygen in the form of nitrites or 
nitrates, which will serve a? a factor of safety against future putrefaction. 

Ajk previously stated, however, the presence in the effluent of large 
(piantities of nitrogen in these forms may encourage the development 
of plant life to such degree as to create objectionable conditions in the 
waters receiving the treated sewage. 

As early as 1917, Hatton determined upon the following standard as a 
measure and limit of the improvement to be effected by the activated- 
sludge process at Milwaukee: 


Reduction of bacteria, per cent. 90 

Reduction of suspended solids, per cent. 95 

Stability by methylene blue, hours. 72 


According to Fuller (19), the Wards Island plant for New York City 
. . . will produce a well-clarified effluent from which not less than 90 
per cent of the total suspended matter, not less than 95 per cent of the 
total bacteria and from 85 to 90 per cent of the organic impurities are 
removed. 
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CHAPTER XXV 


GENERAL DESIGN OF ACTIVATED-SLUDGE PLANTS AND 
DETAILS OF MECHANICAL AERATION 

There are certain general conditions which affect the design of 
activated-sludge units. Many of these are common to all types of 
sewage-treatment works, but the nature of the activated-sludge process 
introduces other conditions that are not so important in other types of 
sewage treatment. These conditions may be listed as follows: 

1. Quantity, strength and character of sewage to be treated, including 
fithe effects o* preliminary treatment and the influence of industrial wastes. 

2. Quality of effluent desired, including consideration of separate sludge 
*ife-acrati<»n and partial treatment by activated sludge with subsequent 

tieatment by other oxidation devices. 

3. Quality of sludge to be produced, including evaluation of its influence 
upon the treatment process itself and u|)on subsequent treatment, disposal 

^^and commercial utilization of the sludge. 

These general conditions influence in one way or another a number of 
design and operating factors, many of which are mutually dependent. 
Among the design and operating factors which will he considered in 
subsequent sections are: period of aeration; functions of aeration and 
circulation; and proportion of return sludge. ^"ariati(Ja in one of these 
factors may be offset, within limits, by suitable adjustment of the 
others. 

In considering the design and operating factors, reference will be 
made chiefly to the requirements of the lUi^nal process as established 
by American experience up to the presc it time. Departures from it, 
particularly as employed abroad, will receive (mly passing attention. 

Period of Aeration.—The period of aeration is generally expressed in 
hours and corresponds to the detention period of sedimentation units, 
allowance being made for the volume of return sludge. The period of 
aeration in hours is obtained, therefore, by dividing the tank capacity, 
in cubic feet or gallons, by the quantity of sewage and return sludge, 
in cubic feet or gallons per hour. 

The progressive nature the changes which take place in the quality 
of the sewage during aeration is shown in Table 103, giving the results 
of applying a continuous supply of JOO cu. ft. of air a minute to sewage 
which originally had 235 p.p.m. of suspended matter (1)., These tests 
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were made in 1916 at the Milwaukee testing station by Copeland. The 
data in this table indicate that all that is necessary to obtain an effluent 
of the desired quality is to select the appropriate detention oeriod for 
the operating conditions. This, however, is not so simple as it appears, 
for these conditions, which are determined by factors such as the design 
of the tanks, the rate of application of the air, the character of the 
sewage and the quality and volume of the return sludge, may varj’^ 
greatly and continuously in the same plant. 


Table 103.—Results Obtained by Aeration of Sewage for Various 

Periods op Time 


Aeration, hours. 

0 

1 


3 

4 

5 


Cu. ft. of air per minute.... 

0 

160.00^160.00460.00 

160.00 

160.00 

Cu.^ft. of air per gallon. 

0 

0.67 

1.32 

1.08 

2.64 

3.31 

Appearance of settled liquor^ 

Turbid 

Clear 

Clear 

Clear 

Clear 

Clear 

Stability, hr. 

0 

2.00 

33.00 

120-}- 

120-f 

120 + 

Bacjteria removed, per cent... 

0 

52.00 

81 

92 + 

95 + 

98+ 

Free ammonia, p.p.m. 

22.00 

17.00 

15.00 

11.00 

7.00 

5.00 

Nitrites, p.p.m. 

0.08 

0.00 

0.95 

1.75 

2.20 

2.50 

Nitrates, p.p.m. 

0.08 

0.04 

0.70 

2.80 

I 5.60 

8.20 

Dissolved oxvgen, p.p.m. 

0.00 

0.30 

! 1 .90 

4.30 

I 5.90 

6.70 

I 


* The suHpended matter carried by the sewage averaged 235 p.p.m. and the supernatant 
liquor after 1 hour’s aeration contained not more than 10 p.p.m. 


Tests made at the Houston activated-sludge exjieriment station 
during 1915, the results of which are given in Table 104, indicated that a 
relatively high degree of clarification and purification could be secured 
with 1 hour’s aeration (2). The experimental aeration tank was 7.5 ft. 
deep and the ratio of tank area to diffuser area was 12.25 to 1. The 
free air supplied was 0.437 cu. ft. an hour ]>er gal. of sewage. 

The tank operated with 25 to 30 per cent of return sludge. All results 
are averages from a large nu'mber of samples. The relative stability at 
20®C. was never less than 16 days after 1 hour’s aeration. 

For American municipal sewages the economical i^eriod of aeration 
by diffused air appears to lie between 2 and 6 hr., dependin|; upon the 
kind of preliminary treatment, the degree of purification desired and the 
use of re-aeration. At Milwaukee, where fine screens precede aeration 
and it is desired to produce a suitable sludge for dew^atering, drying 
and sale as fertilizer, a 6-hr. aeration period was provided for in the 
design. The same period was provided for in the design of the North 
Side plant at Chicago, after partial clarification of the sewage in settling 
tanks with a )^-hr. detention period. The design of the Wards Island 
plant at New York provides for an aeration period of 5K hr. after 
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sedimentation for 1 hr. under average conditions of flow. The North 
Toronto plant at Toronto, Ont., provides for settling the sewage 2 hr. 
prior to aeration for 5.75 hr. A 4-hr. period of aeration is allowed for at 
Elyria, Ohio, following to 1 hour’s sedimentation in Imhoff tanks. 
Operation of the Indianapolis plant calls for fine screening of part of 
the flow and rapid settling of the i^mainder. The designed aeration 
period is 4.7 hr. The North Side plant at Houston and the plant at 
Pasadena provide aeration periods of 2.0 and 4.4 hr. without presedi¬ 
mentation but employ re-aeration periods of 1.0 and 2.0 hr., respec¬ 
tively. For aeration periods in bioflocculation tanks see Chap. XXIV. 

In determining upon the allowance for aeration period, consideration 
should be given to the variations in dry-weather flow of sewage, the 
maximum rate of dry-weather or storm flow to he treated in the aeration 
units and the variations ip rate of return sludge. A daily peak rate of 
sewage flow of 130 to 140 per cent of the average is common, and it 
may be much higher in small plants. A maximum month may have a 
sewage flow 20 to 25 per cent greater than the annual average. The 
daily 4-hour peak flow during the maximum month may be 150 ner cent 
or more of the annual average rate. It is common practice in design 
to allow for treating in the activated-sludge process sewage and storm 
flows up to 150 per cent of the average sewage flow. The rate of return 
sludge varies over a wide range as between different plants and frequently 
at any particular plant. Rates from 20 to 60 per cent of the average 
sewage flow have been employed. With an aeration period of 6 hr. 
based on the annual average sewage flow, including 25 per cent return 
sludge, the aeration period with a sewage flow 50 per cent greater than 
the annual average and 30 per cent return sludge would be 3.85 hr. 
Correspondingly, an aeration period of 4 hr. for average flow and 25 per 
cent return sludge would be reduced to 2.57 hr. for the maximum flow 
condition assumed above. The effect of the shorter aeration periods 
during maximum rates of flow to be treated may be a vital factor in 
the basic allowances, if it is necessary to obtain at all times a high 
degree of purification. 

The normal detention period for which mechanical aeration tanks 
are designed is commonly longer than for diffused-air tanks. The 
Simplex plant at Princeton, Ill., provides a detention period of 8 hr. 
during the 16-hr. period of maximum flow and that at Lawton, Okla., 
has a tank capacity of 8 hr. with 4.8 hr. for the re-aeration unit. The 
aeration period at Sheffield, England, is 15 hr., while tests of an experi¬ 
mental Link-Belt unit at the Des Plaines treatment works at Chicago 
indicated a required period of 6 hr. 

At Essen-Rellinghausen, Germany, the aeration units provide for 
3H hr. of flow in treating a settled, relatively weak sewage by a combina¬ 
tion of diffused air and mechanical agitation. A similar experimental 
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unit at the Calumet works of Chicago has yielded satisfactory results 
with a 6-hr. detention period. 

The period of aeration must naturally be longer when a highly 
nitrified effluent is to be produced than when clarification is the criterion 
of treatment. 

Functions of Aeration and Circulation. —According to Buswell (3), 

When air is blown into the aeration chamber of an activated-sludge plant 
it does three things: (1) It maintains the sludge in suspension. (2) It main¬ 
tains aerobic conditions. (3) It stirs up the mixture, allowing fresh liquor 
to come in contact with the sludge. We are not able to tell, therefore, 
which one of these three factors determines the critical minimum air 
requirement. 

By eliminating the first and third functions of the air in an experi¬ 
mental unit in which circulation was maintained by stirring, Buswell 
was able “ to produce an abundant growth of sludge, very good clarifica¬ 
tion and a substantial purification in from 3 to 6 hr. when using as low 
as 0.002 cu. ft. of air per gallon’^ and came to the following conclusions: 

Stirring apparently is very much more important than is oxygen. Stirring 
'will sweep away the saturated film from the air surface and bring it in 
contact with the activated sludge particles. It will move the dissolved and 
^olloidal organic, matters about so that they come in contact with the floe 
and will sweep aw'ay the metabolic products of the slud^'e organisms. 

Oxygen Requirements. —It follows from Buswell’s experiments that 
the quantity of oxygen necessary for the maintenance of aerobic condi¬ 
tions is relatively small. From a comparison of analyses of the air 
entering and the gases escaping from aeration tanks, Crawford and 
Bartow (4) estimated that only about 5 per cent of the oxygen of the air 
introduced during the aeration process was utilized in maintaining 
aerobic conditions. In the case of strong tannery wastes the authors 
found that only 10 per cent of the oxygen in the air introduced dis¬ 
appeared during the process. By combining mechanical agitation with 
diffused-air aeration, Imhoff (5) obtainc* 30 [jer cent utilization of 
oxygen at Essen-Rellinghausen, Germs ny. The quantity of oxygen 
taken up by the floe in the activated-sludge process has been studied 
more recently by Grant, Hurwitz and Mohlman (6), who draw the 
following conclusions from experiments with activated sludge and 
sewage from the North Side treatment works of Chicago. 

1. The rate of absorption of oxygen by activated sludge, in the amounts 
and periods of aeration commonly used, is fairly uniform, and varies directly 
in proportion to the weight of sludge. 

2. The rate of absorption of oxygen varies, further, in proportion to the 
content of organic ^volatile) matter in the sludge: 

3. The rate of absorption of oxygen by North Side activated sludge 
averaged approximately 7.0 mg. of oxygen per gram of sludge per hour. 
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4. Mixtures of sewage and sludge absorb o?tygen in proportion to the 
weight of sludge, but with increasing amounts of sludge most of the oxygen- 
demanding material of the sewage is coagulated or adsorbed by the sludge, 
so that very little oxygen is required for the unadsorbed material in colloidal 
or true solution. The subsequent rate of 07:idation of the coagulated 
material in the sludge is slow and co-nparatively uniform. The sludge 
passes through many cycles of aeration before it is removed, and during 
these successive aerations the organic matter is slowly oxidised. 

5. Based on reduction of B.O.D. our results so far do not indicate that 
the period of aeration and amount of sludge vary inversely (that is, that 
the period of aeration X l>pr cent of sludge = constant) as claimed by 
Harris, Cockburn and Anderson 7). Small amounts of sludge reduced the 
B.O.D. of the sewage almost as rapidly as large amounts. Re-aeration of 
sludge is indicated, however, v hen small amounts arc used because of the 
shorter period of retention. 

6. Adjustment of the ikte ol air supply should be governed by the 
amqunt of sludge in thd aeration tanks. With large amounts a fairly 
uniform rate is desirable. Rates of aeration in proportion to the B.O.D. of 
sewage, as recommended by Jenks an<i I^ievine (8), are greatly modified 
by the oxygen requirements of the sludge. 

Velocity of Circulation.—The velocity necessary to maintain circula¬ 
tion of sludge in the aeration units depends to a considerable extent 
upon the design of the tanks. It depends, too, uix)n the relative absence 
of heavy or gritty substances which weigh down the sludge or settle by 
themselves. If pocketing is prevented, the velocity of the main body 
of sewage may be made lower than when there is a chance for the 
establishment of eddy currents and dead areas. Velocities along the 
tank bottom are particularly important. Hurd found at Indianapolis 
that with spiral flow, minimum velocities of K ft. a second prevented 
deposition of solids. Design values vary from this up to 1H ft. a second, 
the figure used at Sheffield, England. The Sheffield value, however, 
represents the average channel velocity and the bottom velocity is 
probably appreciably lower. The velocity of circulation may differ 
considerably from the rate of longitudinal travel. 

Quantity of Air Required in Diffused-air Aeration.—^The volume of 
air required in d^used-air aeration may be stated in two ways for 
purposes of comparison: as cubic feet per gallon of sewage treated and 
as cubic feet an hour per square foot of tank surface. Since the degree 
of compression varies for different plants, ‘‘free air conditions” are 
commonly specified, i.e., air at the prevailing atmospheric conditions of 
pressure, temperature and moisture, oojnmonly 30 in., 60®F. and 60 per 
cent saturation, respectively. Both methods of statement yield 
significant information as regards plant design and operation, the first 
being used more widely than the second. To change from cubic feet of 
air per gallon of sewage to cubic feet of air an hour per square foot of 
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tank surface, multiply 7.48 times the former value by the tank depth 
in feet and divide by the period of aeration in hours. Thus 1.0 cu. ft. 
a gallon in a 10-ft. tank with a period of aeration of 6 hr. equals 


1.0 X 7.48 X 10 
{f 


12.5 cu. ft. an hour per square foot. 


Air used for re-activating the sludge and pumping it back into the 
aeration tanks commonly is included when computing the quantity of 
air required. The quantities used for purposes other than supplying 
air to the aeration units usually are kept separate, however, in order to 
permit determining the air requirements for the different purposes 
that the air may serve. 

Among the factors whose relation to the quantity of air needed has 
been studied or otherwise recognized are the required degree of purifica¬ 
tion; the kind of preliminary treatment; the means of air diffusion and 
the arrangement of plates; the dimensions of aeration units, and the 
strength of the sewage. 

The required degree of purification in some measure determines the 
quantity of air needed. This is illustrated by data in Table 103. With 
0.67 cu. ft. of free air per gallon of sewage, not much but clarification 
was obtained; with 1.98 cu. ft., fairly good purification resulted; and 
with 3.31 cu. ft., still further improvement took place. 

As ^ilready pointed out, removal of solids by fine screening may be of 
substantial aid in the prevention of clogging of diffuser plates or the 
settling of heavy solids in the tank and may reduce the quantity of air 
otherwise required. With preliminary sedimentation, which is much 
more efficient in the removal of solids than fine screens, the air supply 
may be appreciably reduced from that required in the absence of 
pr<^edimentation units. 

The means of diffusion may have an important bearing upon the 
quantity of air required, for some systems are more wasteful than others. 

Apparently the quantity of air required is not affected appreciably 
by the depth of tank. From a study of the records of parallel tests on 
aeration tanks of the ridge-and-furrow type, 10 and 15 ft. deep, at the 
Milwaukee demonstration plant in 1919, Eddy, Fales, Copeland, Ferebee 
and Hatton (9) reported as follows: 

There was a slight difference in favor of the 16-ft. depth of tank not taking 
into consideration the extra cost of compressing the air for a 15-ft. depth of 
liquor over that for a lON-ft^ depth. 

As a result of opei^fioh of the experimental plant of the ridge-and- 
furrow type at Houston, Texas^ Sands (2) came to the following 
conclusion: 
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Tests using diiferent depths of sewage in the tanks demonstrated the 
fact that the purification accomplished is not a function of the number of 
cubic feet per gallon of sewage, but is a function of the number of cubic 
feet of air per unit of time per square foot of tank 8urfa<re. 

The strength of sewage is of particulAi significance in connection with 
ail* requirements, as a material increase in the period of aeration, rate 
of air supply, or both, may be needed as the strength of sewage increases. 
Experiments with two widely divergent sewages will illustrate this 
f)oint. At Houston, Texas, tests with a domestic sewage of average 
strength indicated that it was possible by 1-hr. aeration, using 0.44 cu. ft. 
of air per gal. of sewage, to secure a stability of more than 16 days. 
At the Decatur testing station, on the other hand, tests with a strong 
sewage, affected by wastes frdm starch works, indicated that about 
16 hours’ aeration and 4.p cu. ft. of air a gallon might be required 
for complete treatment after preliminary sedimentation, in order to 
turn out an effluent containing sufficient nitrates to insure stability (10). 

The air consumption of a number of American plants is shown in the 
following tabulation: 


Vhy 

Year 

Type of 
aerators 

! 

Preliminary 

treatment 

B.O.D. of 
activated- 
sludge 
influent, 
p.p.m. 

Aeration 

period, 

hr. 

Air used 
in tanks 
and chan, 
nels, 

cu. ft. per 
gallon of 
sewage 

Chicago, Ill.>. 

1930 

Spiral flow 

Sedimentation, 
0.6 hr. 

84 

5.0 

0.60 

Indianapolis, Ind... 

1931 

Spiral flow 

2 

225 

8.4 

1.15 

Milwaukee, Wia. 

1933 

Ridge and 
furrow 

Fine screens 

268 

5.8* 

1.56 

Pasadena, Cal.: 

1932 

Ridge and 
furrow 

^Fine screens 

201 

4.9 

1.64* 

Peoria, Ill. 

1932 

Spiral flow 

Sedimentation, 
2.8 hr. 

165 

9.6 

0.98 

San Antonio, Tex... 

1933 

Spiral flow 

Sedimentation, 
1.0 hr. 

160» 

7.7 

0.97« 

Bpringfleld, Ill. 

1932 

Spiral flow 

Sedimentation, 
1.0 hr. 

150 

5.0 

0.91 

Toronto, Ont.*. 

1032 

Spiral flow 

Sedimentation, 
1,8 hr. 

164 

4.9 

1.01 


^ Battery B, North Side plant. 

* 37 per cent of flow treated by '* rapid eettlere.'* 

* Including detention period in aerated channels, the total aeration period was 6.7 hr. 

* Including re-aeration of return sludge. 

* Based on 26 per cent reduction in B.O.D. of imw sewage by 1 hour*s sedimentation. 

* North Toronto plant 
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Most of the values approach 1 ou. ft. per gallon of sewage. Where 
preliminary sedimentation is employed, there is a tendency to provide 
somewhat less air as well as shorter detention periods. The air require¬ 
ments of plants employing re-aeration do not seem to be lower in Ameri¬ 
can experience than those of works not so operated. Partial treatment 
naturally decreases the air consumption considerably from that required 
for complete treatment of the same sewage. 

As the cost incident to the use of a large quantity of air is burdensome 
in operating expense and in fixed charges upon the installation, it is 
necessary to reduce it to the minimum practical limit. Determination 
of this limit requires careful consideration, not only of the degree of 
purification secured, but also of the properties of the sludge produced, 
taking into account its concentration, effectiveness as return sludge 
and, in certain cases, its dewatering characteristics and its fertilizing 
value. Hatton (11) has given the following opinion on the subject: 

From the authors somewhat limited knowledge of the methods so far 
pursued in England in developing the activated sludge process, he has 
the Opinion that the aim has been to produce a clarified and stable effluent 
with the least expenditure of air and without much attention being givem 
-to the character of the sludge produced. From the author’s viewpoint both 
sides of the problem must be solved together, that is the character of the 
sludge produced is of equal importance to the engiii^.^er as is the character 
of effluent produced, and if by using more air or Umger contact a sludge 
can be produced which is higher in available nitrogen or which can be 
dewatered at less expense, then the additional air and greater period of 
contact should be used. It follows naturally that these additions also pro¬ 
duce a higher quality of effluent. 

Diffused Air versus Mechanical Aeration.—Advocates of mechanical 
means of aeration have contended that the aerating value of air bubbles 
is not an essential feature of activated-sludge tanks employing diffused 
air and that the absorption of atmospheric oxygen which takes place at 
the surface of diffused-air units is suffi uent to maintain the oxygen 
requirements of the process. While tne latter is probably so, recent 
experiments seem to show that air bubbles do give up their oxygen 
effectively during passage through the sewage and that the claim is 
untrue, or only partly true, tha<t a film of liquid travels with the bubbles 
or colloidal matter in the sewagCj forms a layer around each bubble and 
prevents, to some extent, the;paa3age of oxygen into the liquid (12) (13). 
These experiments support the contention of Hurd that the advantage 
of air circulation over common methods of mechanical agitation is that, 
with equal opportimity ^for economy due to the surface absorption of 
oxygen, there is an' tiesprance of alwaya having a sufficient quantity of 
entrained air to g;ive j^tive ori^^tion throughout the sewage mass (14). 
In this connection Whitehead haa also stated that one cannot brand 
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compressed air as mechanically inefficient; one great advantage that 
compressed air has over all means of mechanical agitation known at the 
present time is that it diffuses its power in a wonderfully mic«*oscopic 
and even manner throughout the whole mass (15). 

Buswell (3), on the other hand, has expressed the following opinion: 

Stirring by means of blowing air through sewage is, however, a rather 
inefficient process. We do not get as much stirring for the power input as 
we would if the power were applied in some other v.'ay. When air is blown 
into sewage, the activated sewage floes, air bubbles and liquid are all driven 
in the same direction. The moatt efficient process would be one in which the 
air surface and floes would be held stationary while the liquid is caused to 
flow through them. 

The fact that a longer period oi aeration is ordinarily required in 
mechanically aerated units than in diffiised-air units, to secure equivalent 
results, is generally taken to be indicative that diffused air is a more 
effective agent than mechanical equipment. 

Diffused Air Combined with Mechanical Aeration.—Experimental 
evidence on the efficiency of mechanical agitation plus diffused air has 
been gathered at Chicago since 1923. Analytical and operating results, 
obtained by Mohlman and Wheeler (16) in a large-scale test at the 
Calumet plant, are presented in Tables 105 and 106. According to 
these workers the analyses indicated that after April, 1929, a satisfactory 
effluent was produced while treating 1.5 m.g.d. with an aeration period 
of 5.0 hr. and an air consumption of 0.20 to 0.25 cu. ft. a gallon. Com- 


Table 105. —Operating Data on Use op Dipfusbd Air Plus Mechanitcal 
Agitation at Calumet Treatment Plant, Chicago 


Month, 1929 

Sewage 

treated. 

m.g.d. 

Aeration 

period, 

hr. 

Return 
sludge, 
per cent 
of sewage 

Air consumption 
(free air) 

Suspended 
solids in 
aeration 
tank, 
p.p.m. 

Settling rate 
in Dorr tank, 
gal. daily per 
sq. ft. 

Cu. ft. 
per gal. 

Cu. ft. per 
plate per 
min. 

Feb. 

Bi 

4.21 

15.8 




1671 

March. 


4.67 

19.1 

0.27 

1.71 


1474 

April. 


4.03 

19.0 

0.26 



1607 

May. 


4.16 

17.1 

0.21 

■19 


1682 

June. 

1.63 

4.77 

19.7 


mSSM 


1362 

July. 

1.44 

6.04 

19.6 

SB 

1.67 

4466 

1272 

Aug. 

1.44 , 

6.06 

19.4 

SB 

1.43 

4039 

1270 

Sept. 

1.44 

6.06 

19.6 

WSSM 

1.16 

3611 

1267 

Oot. 

1.44 

6.06 

18.8 

0.21 

1.34 

2976 

1270 

Nov. 

1.46 

6.01 

19.1 

0.21 

1.33 

3262 

1286 

Deo. 

1.46 

6.01 

18.8 

0.21 

1.31 

2620 

1286 
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paring the results for mechanical aeration plus diffused air with observa¬ 
tions on a similar tank operating during 1927 with similar sewage but 
with diffused air alone, Mohlman and Wheeler state that their best 
judgment indicates '‘that it would require 0.80 cu. ft. of air per gallon 
with air alone and a 5-hr. aeration period to produce an effluent compar¬ 
able with that produced in 1929 by paddle-wheel plus air, with 0.20 cu. ft. 
per gal. and a 5-hr. period.” 

At Essen-Rellinghausen, Germany, Imhoff (17) has operated since 
1926 a plant in which paddle-wheels are opposed by diffused air. An 
air consumption of 0.08 to 0.14 cu. ft. per gallon of sewage and a power 
requirement of 7 to 8 hp. per mil. gal. are reported. 

According to Besselie\Te, Dorrco aerators, covered by patents 
granted to Imhoff with added impro\ements in design, have been 
installed at Phoenix, Ariz., ios Angeles, Cal., Kscanaba and Muskegon 


Table 107. —Operating! Results op Combined Paddle-wheel 
Diffusbd-aik Aerators 



Kscanaba, 

Muskegon 

Newark, 

Phoenix, 


Mich. 

Heights, 

Mich. 

N. Y. 

Ans. 

Number of tanks. 

3 

1 

4 

2 

6 

Length by width, ft. 

68 X 15 

91 X 14 

75 X 27 

330 X 27 

Depth, ft. 

14 

14 

14 

14 

Time of test'. 

July 13-21, 

Aug. 1-31, 

April 1-30, 

Sept. 1-30, 


1932 

1932 

1933 

1932 

Sewage flow: 





Design basis, m.g.d. 

1.00 

1 .^7 

1.50 

12.0 

During test, ni.g.d. 

0.69 

0.78 

0.90 

9.5 

During test, per cent of design basis.... 

69.0 

46.7 

60.0 

79 2 

Suspended solids: 





Plant influent, p.p.m. 

373.0 . 

313.0 

296.0 

106.0 

Final sedimentation-tank effluent, p.p.m. 

24.0 

12.0 

10.0 

29.0 

Removal, per cent. 

93.5 

96.2 

96.8 

72.6 

Biochemical-oxygen demand. .5 days: 




174.0 

Plant influent, p.p.m. 

.393.0 

17.0 

655.0:^ 


Final sedimentation-tank effluent, p.p.m. 

5.0 


17.0 

Rem oval, per cent.. 

95.7 1 

99.2 


90.2 

Dissolved oxygen, p.p.m.: i 



Influent.j 

0.0 

0.0 


0.0 

Effluent. 

3.8 

3.4 j 


2.4 

Air consumption, cu. ft. per gal. 

0.25 

0.647 

0.60 

0.268 

Power input to air compressors, hp, per 





mil. gal. 

7.8 

17.2 

14.2» 

6.0 

Power input to revolving puddles, hp. per 





mil. gal. 

'Potal power input to aerators, hp. per 

11.0 

15.8 

13.1 

11.3 

mil. gal. 

18.8 1 

1 

33 0 

1 

27.3* 

17 3 


1 All deternuiiations based on hourly readings and hourly samples composited daily. 

* High B.O.D. due to tannery wastes. 

• Power for air compressor in general derived from sludge gas. 
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Heights, Mich., and Newark, N. Y. The distinctive principle of the 
Imhoff design is the creation of a rotary motion of the sewage, mechanic 
.cally induced by paddles, which is countercurrent to the upward flow 
of air bubbles injected through a row of diffuser plates, located along 
one side of the tank only. The operating results from four installations 
of Dorrco aerators are given in Table 107 (18). 

Proportion of Return Sludge.—^An ample supply of activated sludge 
in the aeration tanks is essential to the success of the process. The 
proportion required depends upon the character of the sewage, the degree 
of purification to be secured, the period of aeration, the concentration 
of solids in the return sludge, the concentration of solids desired in the 
mixed liquor and other considerations. 

There appear to be three different concepts of the proportion of return 
sludge: the percentage ratio of the volume of return sludge, as measured 
by a venturi meter or other measuring device, to the volume of incoming 
sewage; the percentage or p.p.m. by weight of suspended solids in the 
mixed liquor at the aeration-tank inlet; and the percentage volume of 
^ sludge deposited in a settling glass during a given length of time, as, for 
example, H hr., 1 hr. or 2 hr., from a sample of mixed liquor taken at 
the aeration-tank inlet. The first and third concepts should not be 
confused. The first should be referred to as the “per cent of return 
sludge''; the third as the “per cent of sludge in aeration tanks, deter¬ 
mined by 1 or 2 hours' settling," as the case may be. 

A knowledge of the volume of return sludge is required in the design 
of the sludge-return equipment,—pipes or channels and pumps or air 
lifts. It is for this purpose that the first conception of the proportion 
of return sludge is useful. If the volume and suspended-matter content 
of the return sludge and incoming sewage are known, the percentage 
weight or parts per million of suspended solids in the mixed liquor can 
be computed. Naturally, this value can also be determined directly 
from the dry weight of suspended solids in the mixed liquor. The result 
obtained constitutes the second concer t of the proportion of return 
sludge and defines an important operating feature of the activated-sludge 
process, namely, the opportunity for contact between activated 
sludge and fresh sewage. Similar to this second concept, but quantita¬ 
tively less reliable, is the third, which has the advantage, however, of 
being obtained by a simple and expeditious test, described later in this 
chapter. 

To illustrate these three concepts, let it be assumed that 250,000 gal. 
of return sludge containing 2 per cent solids are mixed with 1,000,000 gal. 
of sewage containing 300 p.p.m. of suspended solids. The propo tion of 
return sludge then is: 250,000/1,000,000 X 100 « 25 per cent by 

volume of the sewage treated; ^ ^ 0*402 per cent 
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or 4020 p.p.m. by weight of the mixed liquor, or, from experience with 
this type of sludge, about 20 per cent by volume of the mixed liquor, 
based upon a settling period of 1 hr. 

With reference to the percentage of sludge in the aeration tanks 
settling from the mixed liquor in 1 hr., the literature shows that in 
general the quantity of 98 per cent shiuge required for the treatment 
of moderately strong sewage is equivalent to about 25 per cent of the 
volume of sewage treated. This quantity may be stated also as about 
25/1.25 X 0.02 = 0.4 per cent of dry suspended solids by weight, 
referred to the total weight of mixed liquor. 

Certain observers have found U^tle difference in results obtained with 
sludge volumes varying from 7 to 30 per cent of the volume of mixed 
liquor, but the consensus of opinion seems to be that there is an optimum 
ratio, which depends upon the yharacter of the sewage and sludge, the 
time of aeration and the volume of air supplied. With strong sewage 
or with activated sludge of high moisture content, proportions as high 
as 50 per cent may be required, particularly when the sewage contains 
much colloidal matter. The volume of return sludge usually is kept as 
low as possible, to secure economy of pumping and tank capacity and 
because an unnecessarily large volume of sludge requires more air to keep 
it active. On the other hand, the larger the proportion of sludge in the 
aeration tank, the greater is its reserve capacity to deal with variations 
in the quantity and quality of the incoming sewage. The relation 
between proportion of return sludge and aeration period has been 
studied particularly by Harris (7) and his collaborators at Glasgow, 
Scotland, working with a large-scale unit. Keeping the air supply 
and agitation constant, they determined the minimum sludge ratio 
and contact period to produce equal purihcation. The minimum effec¬ 
tive proportion of sludge was found to be 8 per cent with a contact 
period of 4,2 hr. The product of these two values, 33.6, was called the 
coefficient of interfacial contact. The use of this coefficient is said to have 
been of practical value at the Shieldhall works in Glasgow, in making it 
possible to maintain good operating conditions and increased plant 
capacity. 

As already indicated, there is an intimate relation between the 
[)eriod of aeration, the quantity of air required and the proportion of 
activated sludge. Variations in one of these factors may be offset, 
within limits, by appropriate adjustment o the others. It appears to 
l)e important to secure the most effective and economical regulation of 
these quantities. In this connection Fugate (19) states: 

. . . the strength and concentration of sewage to be treated, the time of 
aeration, the quantity of air and percentage of sludge carried, are shown to 
be closely related. Considerably more air and time are required to obtain 
the same results with percentages of sludge of 25 in the aeration channel, 
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and 75 in the re-aerating channel, than with 10 and 30, respectively! although 
the ratio of returned liquid is the same. The best results are noticed when 
the percentage of sludge does not exceed 15 and 35, all other factors being 
equal. 

Attention is called to the fact that due allowance for the return sludge 
is necessary in stating and determining upon aeration and final-sedi¬ 
mentation periods or capacities. The quantity of air supplied, however, 
commonly is expressed in terms of sewage flow only. 

The ratio of return sludge to sewage flow utilized in the operation of 
several activated-sludge plants is given in the following tabulation: 


City 

Year 

Return sludge, 
per cent of sewage flow 

Maximum ^ 
month 

Minimum 

month 

Average 
for year 

Chicago, Ill.*. 

1930 

28 

20 

22 

Indianapolis, Ind. 

1931 

63 

30 

38 

Milwaukee, Wis. 

1933 

34 

15 

24 

Peoria, Ill. 

1932 

42 

20 

25 

San Antonio, Tex. 

1933 

58 

45 

52 

Springfield, Ill. 

1932 

29 

15 

20 

Toronto, Ont.*. 

1932 

22 

17 

19 


^ Battery B, North Side plant. 
3 North Toronto plant. 


Quantity of Sludge to Be Handled.—The sludge deposited in the 
sedimentation units following aeration tanks consists, broadly speaking, 
of the activated sludge which has been discharged into the influent, 
augmented by the materials removed from the flowing sewage, A large 
part of this sludge is again discharged into the influent of the aeration 
units as return sludge and a small part is disposed of as excess sludge. 
Both usually require handling by purr ps. Limited aeration of raw 
sewage with activated sludge produces a clear effluent after sedimenta¬ 
tion and the quantity of sludge is probably as great as, or greater than, 
that yielded by carrying treatment to a point where a thoroughly 
nitrified effluent is obtained. 'Die quantity of excess sludge depends 
primarily upon the quantity^ df suspended and colloidal matter in the 
sewage, which varies considerably, particularly when the sewage is 
subject to preliminary clarification or when it contains storm water or 
certain classes of indusMal wastes, s^ich as iron salts and organic matter 
from packinghouses ^d ^tanneries. 

Experience indicaltes that a short period of aeration with good 
activated sludge, followed by seJSmentation, may reduce the suspended 
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matter carried by the influent by about 90 per cent. A portion of the 
suspended matter thus removed is converted into gaseous and dissolved 
substances by oxidation, the remainder forming sludge. The proportion 
of settleable solids thus removed by oxidation is subject to considerable 
doubt. Values as high as 60 per cent and as low as 4 per cent have been 
reported, the lower values being more pi .>bable under average conditions 
of operation. The proportions, character and volumes of sludge handled 
at a few American plants are given in Table 108, together with a hypo¬ 
thetical case, which will illustrate the theoretical relations. No allow¬ 
ance has been made in the hypothetical case for ^'bacterial digestion of 
sludge,'' which is discussed in Chap. XXIV. 

It should be noted that preliminary sedimentation is not provided in 
any of the cases cited, except at Indianapolis, where a portion of the 
flow is treated by a short settlio g period. If 50 per cent of the suspended 
solids were removed by preliminary sedimentation, the volume of sludge 
prodiiced per mil. gal. would be about one half as large in each case but 
the volume of return sludge might remain the same. 


Table 108.— Quantity of Sludge Handled in Activated-sludqb Itlants 



Milwau¬ 

kee 

1 

Pasa¬ 

dena 

1 

Indian¬ 
apolis 1 

Hypotheti¬ 
cal case 

1 

Year. 

1928 

1928-29 

1927 


Quantity of sewage treated, m.g.d. 

82.16 

7.7 

15.4 

1.0 

Water content of sludge, per cent.. 

98.46 1 

99.18 

98.3 

98 

Specific gravity of sludge. 

Weight of dry solids produced, Ih. 

1.00 1 

1.003 

1.00’ 

1 

1.005 

per mil. gal. 

2,085| 

2,270 

1,950 

2,250» 

Volume of excess sludge produced, 

gal. per mil. gal. 

Volume of return sludge, gal. per 

16,560 

33,000 

13,700 

13,500* 

mil. gal. 

Total sludge from sedimentation 

196,000 

450,000 

217,000 

250,000‘ 

tanks, gal. per mil. gal. 

212,650 

483,000 

230,700 

263,600 

Return sludge, per cent of total.... 

92.2 

93.2 

94.1 

94.9' 

Excess sludge, per cent of total.... 
Excess sludge, per cent of sewage 

7.8 

1 

6.8 

6.9 

5.P 

treated. 

1.66 

i 1 

3.3 1 

1 

1.37 

1.36* 


I On the assumption of 90 per cent removal of 300 p.p.m. suspended solids, 0.9 X 300 X 
8.33 - 2260 lb. 

* 8.33 X 0.02 X 1.665 “ 

^ Assumed at 26 per cent of sewage treated. 

< 260,000/263,600 X 100 94.9. 

6 13,600/263,600 X 100 - 6.1 

* 13,600/1,000,000 X 100 - 1.36. 

^ Assumed in reporting dry solids. 
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As the density of the sludge may vary widely, the volumes handled 
may change considerably and approximately inversely as the solids 
content of the sludge. 

Measurement of Return Shidge. —The quantity of return sludge is 
such an important matter in this process of sewage treatment that its 
accurate measurement is essential. As stated on page 610, there are 
three yardsticks that may be employed to determine the quantity of 
sludge which should be recirculated: the ratio of return sludge to the 
volume of sewage treated; the percentage by weight or p.p.m. of sus¬ 
pended solids in the mixed liquor; and the percentage by volume of 
sludge deposited in a settling glass during a given length of time from a 
sample of mixed liquor. While there is a tendency to stress the use of 
the first two methods in careful studies of plant performance, the third 
test, employing a convenient uniform settling period, may serve as a 
valuable means of regulating and controlling the process. 

One of the most convenient means of measurement is a 1000-cc. 
graduated glass cylinder, about 214 in. in diameter and 16 in. high. 
By its use the percentage of sludge can be read directly. For determin¬ 
ing and regulating the proportion of activated sludge present in the 
aeration tanks and .sedimentation tanks, a period of sedimentation iii 
-the measuring glass of 1 hour commonly is used. At Milwaukee a 
period of H hr. proved to be adequate and its use was advantageous, 
as the results of tests could be obtained with relative promptness. 
Shorter periods of settling are subject to too great error and variation. 

Sludge-blanket Depth Detectors and Indicators. —The depth of 
sludge accumulated in final-sedimentation tanks of the activated-sludge 
process is subject to change, due to variations in quantity and volume 
of sludge discharged into the tanks and changes in the rate of sludge 
withdrawal. It has been found advantageous in plant operation to be 
able to detect changes in depth of sludge blanket promptly, in order 
to apply corrective measures, particularly when sludge is accumulated 
to such a depth as to cause either undue discharge of suspended solids 
over the effluent weirs or deterioration of sludge, since activated sludge 
decomposes rapidly in storage. 

Several means have been devised for the detection, observation or 
sampling of the sludge accumulated in final tanks. One such device, 
illustrated in Pig. 170, was developed at the North Side plant in Chicago 
and installed subsequently at tlio'North Toronto plant in Toronto, Out., 
and at Lancaster, Pa., among other places. It comprises a number of 
sampling pipes with open tops about 1 in. above the liquid level and 
terminating at various depths. By».introducing compressed air into 
these pipes about 2 >ft/b^low the surface, the liquid or sludge is drawn 
from the various level? and forc^ out of the top of the pipes, where it 
may be observed and sampled. Another device which has proved 
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effective in revealing the depth of sludge blanket and quality of sludge 
at the North Toronto plant consists of a glass tube, 2 in. in diameter, 
which is slowly lowered vertically into the final-sedimentation tank to 
the full depth. The top of the tube is then closed with a stopper and 
the tube, when withdrawn, affords a typical cross section of the sludge 
blanket. 

Vermilye (20) has described a sludge-blanket detector developed at 
the Tenafly, N. J., plant, which consists of a 1-in. galvanized pipe, one 



Fig. 170.—Sludge-level indicator used in final-sedimentation tanks, North Side 

plant, Chicago. 

end of which is closed with glass. A flash-light socket and bulb are 
attached outside the pipe beyond the glass and furnished with power 
from a battery, attached to the other end of the pipe. In use, the 
detector is lowered, bulb end down, into the tank. The operator looks 
through the pipe and observes the level at which the sludge blanket 
can be seen around the lighted bulb. 

Activated-sludge Piping, Pumping and Flow Control.—^Activated 
sludge will flow readily in channels or pipes. In fact, computations of 
the size of conduits to transport activated sludge employ coefficients of 
discharge but slightly lower than fof water. The hydraulics of sludge 
flow and pumping are discussed in Chap. XXVII. 
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The velocity in sludge conduits is usually maintained at 2 ft. a second 
or more, in order to avoid deposition of solids. Where the velocity is 
less than this in open channels, diffuser plates are commonly provided, 
to keep the sludge in suspension. They may be employed also to 
maintain and sometimes increase sludge activation. Where sludge is 
aerated thus during flow, an additional allowance in the hydraulic 
gradient may be desirable on account of interference with flow by 
cross-currents. 

Activated sludge may be raised by centrifugal and other types of 
pumps, by air lifts, and by compressed-air ejectors. It is important 
to avoid violent agitation, which will break up the floe and reconvert 
it into a colloidal state. This is of importance not only in pumping 
return sludge but also in pumping waste sludge. In discharging excess 
activated sludge into primary-sedimentation units, as is done at the 
North Toronto plant in Toronto, Ont., if the floe is broken up in high¬ 
speed centrifugal pumps, the sludge will not settle in the tanks and may 
cause excessive accumulation of scum. Centrifugal pumps, initially 
provided for pumping excess activated sludge to vacuum filters at 
^ Alilwaukee, so broke up the floe that difficulties with filtering were 
<mcountered and the centrifugal units were replaced by plunger pumps. 
There is only moderate danger of breaking up the floe in slow-si)eed 
^ centrifugal pumps of suitable design and even less in plunger pumps, 
air lifts and ejectors. Where the last-named are used, it is desirable 
to design the ejector pot so as to prevent forming a deposit on the bottom 
of the pot. The flow of sludge may be controlled by the pumping 
equipment or, where the sludge is drawn under hydrostatic pressure, 
by throttling a valve or by changing the hydrostatic head by means of 
a swiveled or telescoping draw-off pipe. At the North Toronto plant 
the flow of return sludge from the final-sedimentation tanks is governed 
by rate controllers of the venturi type. Hoffman (21). at Morristown, 
N. J., using a photo-electric cell, has devised an arrangement which 
automatically opens or closes valves regulati ng the sludge level. Return 
sludge may be discharged either to re-aer'^-tion tanks, to mixing channels 
or directly to the aeration tanks. 

Air lifts have been used in some small plants, including those at 
Lodi, Cal., Gastonia, N. C., Mamaroneck, N. Y., East York and York 
Township, Ont., and Houston, San Marcos, Sherman, and Waco, Tex. 
With air lifts the flow of return .sludge is controlled readily by throttling 
the air supply. At the North Toronto plant, during 1930, the average 
volume of air used in the air lifts was 585 cu. ft. a day, with an average 
sewage flow of 5 m.g.d. and an average rate of return sludge of 1.67 m.g.d. 
The air lifts at this plant were replaced in 1933 with centrifugal pumps. 

The return-sludge pumps at the North Side plant in Chicago, shown 
in Fig. 171, are horuontel-shaft^ tolutQ type, single-stage, centrifugal 
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])unip8, direct-driven by induction niotorn (22). There are four pumps 
with 30-in. suction and 24-in. discharge. Each pump will deliver 
approximately 13,500, 8100 and 5400 gal. per minute at 10, / end 6 ft. 
total dynamic head respectively, when operating at approximately 
408, 288 and 2.38 r.p.m., resjsectively. A dynamic suction head of 





Fio. 171.—Return-sludge pumps at North Side plant, Chicago. 

approximately 10 ft* will prevail over the usual range of head and 
capacity conditions. The four motors are 440-volt, three-phase, 60- 
cycle, induction motors rated at 50 hp. at 438 r.p.m., with variable- 
speed control. These motors are controlled by a float-operated 
liquid-level controller. 

Two 350-g.p.m. centrifugal pumps are provided at the Pomona, Cal., 
plant for pumping the return sludge, one being motor-driven and the 
other, a stand-by unit, driven by an oil engine. 

Excess or waste activated sludge is usually pumped by centrifugal 
or plunger pumps. At the North Toronto plant in March, 1931, the 
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waste activated sludge was pumped for a few minutes each hour to the 
influent of the primary tanks at the rate of about 225 g.p.m., by means 
of a horizontal centrifugal pump of the Wood trash type. Two motor- 
driven, plunger sludge pumps, each of 50-g.p.m. capacity, are supplied 
at the Irwin Creek plant in Charlotte, N. C., for pumping the waste 
activated sludge to Oliver filters for dewatering.* At the Sugar Creek 
plant in the same city the excess sludge is discharged to digestion tanks 
by means of a compressed-air sewage ejector. The ejector capacity 
is 50 g.p.m., but this capacity may be lowered by decreasing the flow 
of sludge to the ejector pot, as the discharge cycle commences auto¬ 
matically when the pot is full. 

In Chicago, the excess activated sludge at the North Side plant is 
collected in a waste-sludge well, the rate of waste being governed by 
rate controllers of the venturi type. The sludge from the primary- 
sedimentation tanks is also conveyed to this waste well. All the waste 
sludge from the North Side plant is pumped through a 14-in. cast-iron force 
main, approximately 17 miles long, to the West Side plant for digestion 
in Imhoff tanks, together with the sludge from the latter plant. Three 
horizontal, motor-driven, single-suction, centrifugal pumps, each with a 
capacity of 1,000 g.p.m. when pumping against a total head of 180 ft., 
including a suction lift of 8 ft., are provided for pumping the waste 
sludge. The motors are 440-volt, three-phase, 60-cycle, squirrel-cage 
motors, rated at 100 hp. at 1765 r.p.m. 

Both return sludge and excess sludge are commonly confined within 
pipes, except in plants where large volumes of sludge are handled. Here 
open channels may be provided to carry them. These channels are 
usuaUy equipped with diffuser plates and aerated so as to keep the 
sludge solids in suspension and maintain the sludge in a condition 
favorable to the activated-sludge process. The flow of return sludge 
is commonly measured by venturi meters, so as to provide the necessary 
information for governing the rate of flow and for keeping operation 
records. 

In order to mix the return sludge with the incoming sewage, the sludge 
is usually discharged into an aerated mixing channel, before distribu¬ 
tion to the aeration tanks. At Elyria, Ohio, on the other hand, return 
sludge is discharged at the inflqent end of the individual aeration units. 
The aerated mixing channel |it the North Toronto plant is 50 ft. long, 
5 ft. wide and about 5.5 ft. de^.p;" providing about 2 minutes^ detention 
period. 

A comparison between air lifts and centrifugal pumps for handling 
return sludge has been made at the Charlotte plants. The results are 
summarized by McConnell (23) as follows: 

Each plant is j^iovided with afr lilts for returning sludge but these were 
used only a few months before being abandoned for slow speed centrifugal 
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pumps. Experiments were conducted by both methods with apparently 
no decided difference in qualiiy of sludge or ill effects upon the process. 
The extra cost of air lifting is certainly not compensated for. Sludge 
has been returned for nearly two years at each plant bj' centrifugal pumping 
very successfully. There is evidence to indicate that air lifted sludge is 
actually injured by the agitation of the air hft while a properly selected type 
of centrifugal pump moves the column of sludge forward in a Steady stream. 
No experiments were conducted with a plunger type pump as one was not 
available. There are reasons to believe that this type pump might be the 
better type for this purpose. 

Final Sedimentation.—The design of sedimentation tanks in which 
activated sludge is removed from the aeration-tank effluent is based on 
the principles outlined for the design of plain-sedimentation tanks in 
Chap. XII, due provision being made for the nature of the sludge to be 
settled out. The flocculent nature of the sludge retpiires consideration, 
suitable allowances being’made for variations in its density. Since 
activated sludge decomposes rapidly, excessive sludge-storage periods 
are not desirable. The volume of return sludge is sometimes varied to 
meet fluctuations in rate and strength of sewage flow. The volume of 
sludge may be 15 to 60 per cent of the sewage flow and liberal allow¬ 
ances are required in the tank capacity, to permit its settling in the 
tanks and to prevent excessive quantities from being discharged in the 
effluent. At Milwaukee, Wis., and North Toronto and West York, 
Out., difficulty has been encountered, particularly during the colder 
months, in securing a well clarified effluent at the time of daily peak 
flows. The aeration and sedimentation j^riods are shortest during 
such flows and the sludge is not in such good condition for settling as 
at other times. 

After three years of experimentation on final-sedimentation tanks 
at the Milwaukee testing station, Copeland (24) concluded as follow's: 

1. That when activated sludge is well aerated it settles readily. 

2. That the settled sludge must be removed as fast as it collects. 

3. That clarification depends upon area rather than depth. 

4. That in order to secure complete removal of the sludge the flow of 
liquor through the tank must not be allowed to exceed three linear feet per 
minute. 

Final-sedimentation tanks with relatively deep sludge hoppers have 
been provided at some plants. Concerning operation of this type of 
tank Fugate and Stanley (25) state: 

It has long been realized that the settling tank which must be used after 
aeration of the sludge is the critical point and controls the successful opera¬ 
tion of an activated sludge plant. With deep hopper-bottomed tanka as 
used at Houston, this control is greatly complicated by the inability to 
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prevent a concentrated sludge from decomposing in the settling tanks and 
thereby losing its aerobic condition. 

The bottom slopes in these tanks were 1?^ vertical on ,1 horizontal. 
When the North Side plant at Houston was remodeled during 1929, 
the hopper-bottom sedimentation tanks were converted into aeration 
tanks and octagonal sedimentation tanks, 65 ft. across, equipped with 
Fidler-type spiral sludge-removal equipment, were constructed (26). 
Slopes at the South Side plant were changed from 1 on 1 to more than 
2M on 1. 

At San Marcos, Tex., the sedimentation tanks were remodeled to 
give bottom slopes of 2 to 23^ on 1. Pearse (27) found that the slopes 
should be about 2 vertical on 1 horizontal. 

Vertical-flow tanks of the Dortmund type are employed extensively 
abroad. In these, it is customary to keep the vertical velocity below 
30 ft. an hour. Horizontal-flow tanks equipped with sludge-removal 
devices, such as the Dorr, Link-Belt and Fidler mechanisms, are used 
most commonly in this country. Detention periods of 1>^ to 2 hr. 
are common. 

A device for the removal of activated sludge has been developed at 
Milwaukee by Townsend and Brower (28). It is known as the Rex 
Tow-Bro sludge remover and consists of radial pipe arms with multiple 
inlets, centrally supported as in the case of the Dorr sludge plows. 
Pressure, obtained either hydrostatically or by pumping, acts upon the 
inlets and the sludge is drawn into the radial arms as the mechanism 
revolves. The sludge then flows inside the pipe to either the return- 
sludge line or the waste-sludge line. The sludge is ‘'picked up’^ by 
the mechanism at the point where it is deposited, much as a vacuum 
sweeper picks up dirt. An illustration of the Rex Tow-Bro sludge 
remover is given in Fig. 172. Equipment of this type has been installed 
at Milwaukee, Wis., and Escanaba, Mich. 

As the area of a sedimentation tank with respect to the volume of 
mixed liquor which it can successfully hs idle is an important considera¬ 
tion in dealing with flocculent activ!i,ted sludge, it has been found 
convenient to make use of the unit of horizontal area in computations 
relating to such tanks. As a result of experiments at Milwaukee, the 
sedimentation tanks were designed to provide 1 sq. ft. of tank area for 
each 1600 gal. of mixed liqucMr ^,be treated daily, measured at the time 
of assumed maximum flow of niewage, such rate being expected to occur 
only in times of storm. This is equivalent to 1 sq. ft. of tank surface for 
each 850 gal. of sewage, based upon the average daily flow. Values of 
600 to 1400 gal. daily ^ square foot of tank surface have commonly 
been employed. 

The extent of ^eatment in the aeration tanks has an important effect 
upon the process of sedimentation. It has been proved in some cases 
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that aeration suiBcient to produce a •Batisfactory effluent, if the floe 
could be removed, was insuffleient to produce a floe which would readily 
settle in sedimentation tanks, or a sludge which was reasonably dense. 
In such cases, therefore, the extent of aeration may be controlled hy the 
requirements of the sedimentation process or by the required density 
of the sludge. ^ 

In the activated-sludge process, the design of satisfactory means of 
introducing influent into iinal-sedimentation tanks and removing 
effluent from them offers special problems. It is essential to prevent 
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Fig. 172.—Rex Tow-Bro sludge-removal apparatus. 


the setting up of currents that will carry the light, flocculent activated 
sludge out with the effluent in undesirable quantities. In general, the 
influent to the tanks !nay contain 1500 to 3000 p.p.m. of suspended solids. 
Usually it is desiral^ to reduce the suspended solids in the effluent to 
less than 20 p.p.m. The mixed liquor flowing into the tanks is com¬ 
monly diffused by multiple ports, which may be baffled. In small 
plants the effluent is generally discharged over weirs at the ends of the 
tanks. The larger plants, such as those at Chicago and Milwaukee, 
have collecting troughs suspended in the tanks. Tests at Springfield, 
Ill., Toronto, Ont., and elsewhere indicate that multiple collecting 
troughs are much more efficient in rectangular, activated-sludge sedi¬ 
mentation tanks than the ordinary types of single, end-wall effluent 
weirs. 
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The oharaoteriatics of the aedhnentation units constructed in connec¬ 
tion with a number of American plants are shown in Tables 109 and 113. 
Since activated sludge produced in the bio-aeration process possesses 
eeaentiaHy the same characteristics as that resulting from diffused-air 
aeration, the design of final settling tanks is governed by the same 
principles in both types of plants. 

MECHANICAL-AERATION PLANTS 

As previously stated, the facts that but a small proportion of tlu^ 
oxygen contained in the air blown into sewage is actually utilized and 
that one of the important functions of the air is to keep the sludge in 
suspension were utilized first by Haworth at Sheffield, England. He 
developed a mechanical device designed to i>crforni the same functions 
as the air, by permitting absorption of oxygen from the atmosphere in 
conWct with the sewage surface, while inducing sufficient velocity of 
sewage in the tank to keep the sludge suspended and moving through 
the liquid. Experiments at Glasgow, Scotland, have indicated that in 
bio-aeration tanks, to produce sufficient change of surface to ensure an 
adequate solution of oxygen, a minimum surface velocity of 1 ft. a 
second must be maintained. 

Systems of Mechanical Aeration.—^A number of different systems 
of mechanical aeration have been devised, among them being the 
Haworth or Sheffield system; the Hartley or Birmingham system; the 
Bdltcn or Simplex system; the Link-Belt system; the Kessener system; 
and the system of stream-flow aeration. Reference already has been 
made to the combined use of diffused air and mechanical aeration, as 
developed in the Sanitary District of Chicago, by Imhoff at Essen- 
Rellin^ausen, Germany, and by the Dorr Co. from the Imhoff patent. 

In America only the Simplex, Link-Belt and Dorrco-Imhoff systems 
^have so far found application in municipal installations. The Sheffield 
and Hartley systems have been employed in England. Stream-flow 
aeration is still in the course of experimental development and the 
Kessener system has been applied qnl>Jn Holland, in small industrial 
plants and experimentally in municipal works. In order to round out 
the discussion of the activate4-sludge process, brief attention will be 
given, before proceeding to American practice, to the design features 
of such of these systems 8ks j||aye been in operation in municipal installa¬ 
tions abroad. ^ ' 

The SheffiM System .—^As employed at Sheffield, the aeration tank is 
divided by walls or ropnd-the-end baffles into a series of long and rela¬ 
tively narrow and shi^w channels, .^ving a length of travel of about a 
mile. The channel Jfiitthest from the inlet feeds a transverse channel, 
from which the sewage overflo\!^ into settling tanks. A return channel 
leads from this transverse channel to the inlet end and returns a small 
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portion of the tank effluent to the incoming sewage. By this means the 
vdume of return sludge pumped is reduced somewhat. 

Aeration takes place at the sewage surface, new surfaces of liquid 
being brought into contact with the air and circulation of the sewage 
being maintained by two rows of paddles operated from horizontal 
shafts crossing the channels about midway of their length, as shown in 
Pig. 173a. The paddles are staggered and consist of two sets of radial 
arms forming a rimless wheel. Short waves are created at the sewage 
surface. The ends of the channels are rounded and the dividing walls 
terminate in pear-shaped enlargements. This feature prevents deposi¬ 
tion of sludge at this critical point and preserves the waves. 

The design cKaracteristics of the Sheffield plant are given in Table 109. 

The Hartley System .—In the Hartley system, employed at Birming¬ 
ham, England, paddle wheels mounted on shafts, which are inclined at a 
small angle from the vertical, are provided at the return bends of long, 
narrow and shallow channels, as shown in Fig. 173?;. The channels 
are endless, as at Sheffield, but are broken up into several units operated 
id ’^ries. The straight part of the channel contains a number of baffle 
opiates, which can be moved diagonally to the flow to cause spiral motion, 
wtdch also is induced in the sewage by the inclination of the paddle 
wheels. This motion is said to aid surface aeration and keep the sludge 
in suspension at lower velocities. 

In 1928,'Whitehead (29) equipped the Birmingham units with air 
diffusers. The Birmingham tanks are bioflocculation units with a 
detention period of 1 hr. and a reactivation period of 18 hr. There are 
two types of reactivation tanks, diffused-air tanks and Simplex units. 

The Simplex System ,—The Simplex system was developed at Bury, 
England. Relatively deep, hopper-bottom tanks are employed in this 
system, which is illustrated in Fig. 173c. The aerating mechanism 
consists of a revolving cone suspended above a vertical uptake tube, 
centrally situated in each hopper. The tube is anchored by tie rods to 
the tank sides and is set on legs so as to cle trthe tank bottom by 6 in. 
The cone draws the mixed liquor through the uptake tube and is fitted 
with vanes so designed as to throw upper and lower films of liquid over 
the tank surface. 

Aeration is thus secured and the sewage circulates, moving upward 
through the tube and downward oqtside. Since the sewage leaves the 
vanes at an angle, a spiral movement is set up. When more than one 
unit is required, alternate aerators are rotated in opposite directions to 
prevent short-circuiting. The tank contents, it is stated, are circulated 
two or three times an hour. An air seal is provided between the cone 
and the uptake tube, so that all liquid is drawn from the tank bottom. 

The cones spin at a rate,of about flO r.pmi. and may be driven through 
a worm-gear or bevel-gear drive by individual motors or by a line-shaft 
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arrangement with individual clutches. Power consumption is affected 
by the position of the aerating cone relative to the sewage surface and 
provisions for raising and lowering the mechanism with varying flows 
may be advantageous. 

Simplex units have been operated in parallel, in series, or in parallel 
series, and on the fill-and-draw principle. Plants are frequently 
designed to pern) it the use of one or more aeratmg units for re-aeration 
of the sludge. 

Among the American municipalities employing Simplex aerators are 
Dunsmuir, Cal., Christopher, Princeton and Woodstock, Ill., Rochester, 
Minn., and Lawton, Okla. The Princeton plant employs preliminary 
settling tanks with 1-hr. detention. The total aerating period in the 
5 aeration units is 8 hr. during the 16 hr. of maximum flow. One 
unit can be employed for re flk ration of the sludge. The aeration units 
are almost square, being ft. by 22.25 ft. in plan. The maximum 
effective depth is 12 ft. and the bottoms of the hoppers are inclined 
about 35 deg. from the horizontal. The uptake tubes are 2J^ ft. in 
diameter and flare out to 4 ft. at the bottom. The power requirement 
at rated capacity is 17.5 hp. per mil. gal. 

At Lemoore, Cal., four units are employed for partial treatment of 
the sewage preceding trickling filters. 

The Link-Belt System .—In the case of the Link-Belt aerator, shown 
in Fig. 174, surface aeration and spiral motion are induced by a paddle 
mechanism, which operates partially submerged on a horizontal shaft 
running along one side of the tank. Circulation of the tank contents 
is aided by a longitudinal baffle, placed 18 in. from the wall adjacent 
to the aerator and penetrating to within 18 in. of the tank bottom. 
Rotation of the paddle mechanism causes the sewage to rise in the 
narrow division partitioned off from the main tank and induces a return 
current in the wider portion of the tank. Thus spiral flow is established. 
At the same time the surface of the sewage is agitated and surface 
absorption of atmospheric oxygen takes place. Transverse baffles 
are placed in the wide portion of the tank, to prevent short-circuiting. 
The aerating mechanism was originally similar in design to a ribbon 
conveyor. More recently it has been changed in construction to 
resemble an open metal lattice. The paddles rotate at a rate of 40 to 
43 r.p.m. and commonly are driven by individual electric motors through 
a reduction gear with chain drive to a sprocket wheel on the horizontal 
shaft. ’ 

Among the American municipal ins^Uations employing Link-Belt 
aerators are Barrington and Collingswood, N. J. The Barrington plant 
employs preliminary settling tanks with 1-hr. detention. The total 
aerating period is 6 hr. for the average flow of 0.6 m.g.d. The aerating 
units are rectangular in plan, 60 ft. long, 12.5 ft. wide and 12.5 ft. deep. 
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The pow requirement is 1.76 kw. per unit of 0.2 m.g.d., equivalent 
to 8.76 kw. per mil. gal. daily. 

The aeration units at Collingswood are 14.2 ft. wide, 8 ft. deep and 
120 ft. long. The capacity of each of the 4 units is 0.33 m.g.d. and 
the power required is 4 kw. per unit or 12 kw. per mil. gal. daily. 



Croae Section 

Fig. 174.—^Link-Belt system of mechanical agitation. 


Paddk’-wheel and Diffused-air System ,—^As developed at Essen- 
T^llinghausen, Germany, aeration units employing both diffused air 
and mechanical agitation are 20 ft. wide and 10 ft. deep, as shown in 
Fig. 175 (5). There are two longitudinal rows of diffusers, separated by 
a ridge and spaced centrally in the tank. There are two submerged 
paddle mechanisms, 10 ft. apart, operated from a horizontal shaft 
running the length of the tank. The tank is thus divided into two 
operating sections. The paddles make 7 r.p.m. and tend to beat down 
the air rising from the diffuser plates. Air consumption is 0.08 cu. ft. 
per gallon of sewage. The <|jteption period is 3 H hr. and the entire 
power consumption is 7 hp. per mil. gal. daily. When operated with 
diffused air alone^ 0.7 to 1.0 cu. ft. of air per gallon of sewage was required 
and a power consumption of 22 hp. qjsr miL gal. daily was registered. 
The sewage treated i^ rc^ively weak for German conditions, averaging 
130 gal. per capita daffy^ahd passes through Imhoff tanks with a 20-min. 
detention period prion to aeratioh. The quantity of return sludge in 







GENERAL DESIGN OF ACTIVATED-SLUDGE PLANTS 627 


the tanks is 8 per cent of the tank volume, as measured after 1 hour’s 
settling. For other design values see Table 109. 

Combined paddle-wheel and diffused-air aeration has been used 
since 1928 in a tank at the Calumet plant in Chicago. The results of 
operation during 1929 are shown in Tables 105 and 106. As described 
by Mohlman and Wheeler (16), the tame is 103 ft. long, 34 ft. wide and 
14.5 ft. deep, with a net capacity of 360,000 gal. The paddle wheels 
are 12 ft. in diameter, with a 2- by 10-in. plank at the end of each radial 
arm. There are two paddle wheels in each tank, on long horizontal 
shafts, driven by a motor with reduction gears, sprockets and chain. 



A diagram of the cross section of the tank is shown in Fig. 176. The 
paddles revolve in opposite directions at 3.6 r.p.m., giving a peripheral 
speed of 2.25 ft. a second. 

From Feb. 20, 1929, to Jan, 10, 1930, the Filtros plates were set 
directly under the paddles when the paddle arm was in a horizontal 
position. Thus the rising cuitent of air was directly opposed to the 
motion of the padd(es, as in the Essen-Rellinghausen installation. 
Tests were then made, starting Mar. 9, 1930, with the diffuser plates 
directly under the shaft. Indications were that equal results were 
obtained in both cases and that the total power consumption was reduced 
from 13.2 hp., required with the plates at the sides, opposing the motion 
of the paddles, to 10.1 hp. per mil. gal. daily of sewage treated With 
the plates beneath the shaft, aiding ^'^e circulation of the paddies. 
In the latter case, thef paddles required 3.7 hp. and the air, at 0.^ cu. ft. 
a gallon, 6.4 hp. 

Combined paddle-wheel aiid diffu^nd-air aerators of the Dorroo- 
Imhoff type have been installed at the Phoenix, Ariz., plant, which 






628 


AMERICAN EBWERAOE PRACTICE 


has a design capacity of 12 mil. gal. daily. There are five aeration 
tanks and one re-aeration tank. Each tank is 330 ft. long and 27 ft. 
wide, with an effective depth of 14 ft. The base of each tank is divided 
into two compartments with rounded cross sections at the bottom. A 
single row of porous plates for diffused air is placed on the dividing wall 
between compartments, 4 ft. above the lowest level of the tank floor. 
Each tank has 260 sq. ft. of diffuser plates. Agitation is supplied by 
mechanically operated paddles, extending the length of the tank, in 
each compartment. These paddles revolve against the air stream at a 
speed of about 4 r.p.m. The operating results during September, 1932, 
are given in Table 107 and the design data are summarized in Table 109. 



Fig. 176. —Aeration tank equipped with paddle-wheel and diiTueed-air system, 
Calumet treatment works, Chicago. 

Several possible advantages of the Dorrco type of aerator have been 
pointed out by Besselievre (18): During the night, when the sewage flow 
is low and relatively weak, the air-compressor plant may be shut down 
for about 8 hr.; The operating paddles prevent deposition of solids 
and the agitation induced by the paddles may maintain suitable condi¬ 
tions throughout the nighty nm; and since the paddles prevent the 
segregation of solids, the quablity of air introduced at different points 
in the tank may be varied. For example, it may be advantageous to 
admit air at a maximum rate near the influent end and reduce the rate 
gradually toward the ^uent end. ^ 

Stotistics of Plants.—Statistics of a number of 

activated-sludge plafi^ employmg mechanical agitation are given in 
Table 109, Mechanic^ aerators are generally patented and the 











Tablb 109. —Design Characteristics of Typical Activatbd-slcdge Plants Employing Mechanical Aeration 
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Including ait compression. 

Bioflocctuation plant: effluent treated on 6-ft. trickling filters at rate of 4.25 m.g.d. per acre. 
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aeration tanks are designed to conform to the requirements of the 
equipment. 
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CHAPTER ::xvi 


DIFFUSED-AIR ACTIVATED-SLUDGE PLANTS 

The early experiments with the activated-sludge process were made 
in tanks operated by the fill-and-draw method. Ardern and Lockett (1) 
obtained poor results with continuous flow of sewage in the first tests 
in which they employed this method of operation. They attributed 
the results obtained to ^^shqrl^ircuiting.” At Milwaukee, however, 
Hatton (2) soon reported thkt t^re was no difference in results obtained 
by the two methods, with lespect to volumes of air and activated sludge 
7‘equired, cost of aeration and degree of purification secured, as indicated 
by clarification, nitrates, stability and removal of bacteria and organic 
matter. 

Almost all activated-sludge plants in America and abroad are now 
operated on the continuous-flow principle. Short-circuiting has been 
combated by suitable arrangement of air diffusers and in some 
cases by baffling. The general arrangement of aeration units is 
commonly governed by the size of the plant, the type of air diffusion, 
the space available for the tanks and other elements of design. As 
with other sewage-treatment processes, it is desirable to provide two 
or more aeration units, so that tanks may be cut out of operation for 
repairs without entirely disrupting the process or the operation of the 
plant. Most aeration units are rectangular in plan and generally 
also in vertical cross section. As shown in Table 113, flow may’be 
in one direction, the outlet being placed at the opposite end of the tank 
from the inlet, or the sewage may make several passes through the unit, 
each tank being divided inW two, three or four compartments by 
longitudinal, round-the-end baffles. Units are generally operated in 
parallel, series operation being considered only in connection with the 
stage process, as discussed in Chap. XXIV, in which case settling units 
are placed between aeration units. 

Departures from, rectangular tanks are few. The small aeration 
unit at Mercedes, Tex., shown in Fig. 181, surrounds the final-sedimenta¬ 
tion and sludge-digestion tanks, which tp^ether are circular in plan (3). 
The aeration unit is irregularly U shape in cross section. 

Activated-sludge Patents.—Patents on the activated-sludge process 
and upon the spiral-flow type of aera%)n tank have been taken out in 
the United States by Activated Sludge, Inc. This company, has 
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instituted suits against Milwaukee, Chicago and other cities, charging 
infringements of patents. In the case against Milwaukee a decision 
was handed down on Feb. 7, 1933, by Judge F. A. Geiger of the U. S. 
District Court of Milwaukee, upholding the validity of certain of the 
patents. The case was appealed and the validity of four patents was 
affirmed in a decision made by the U. S. Circuit Court of Appeals for 
the Seventh Circuit, Mar. 2, 1934. On Oct. 8, 1934, the U. S. Supreme 
Court denied a request by the city of Milwaukee to review the decision 
of the Cqurt of Appeals. 

In the case against Chicago, the same four patents were upheld by 
Judge W. C. Lindley of the District Court. Two other patents were 
involved ^at Chicago, which did not apply at Milwaukee. The fifth 
patent was similar to the four and was held to be infringed. The sixth 
patent, on the baffling of the tank to facilitate spiral flow, was held 
invalid, as it covers only ‘'the exercise of mechanical skill in adapting 
a structure to such form as will best promote general and complete 
circulation with the least possible friction.” However, Judge Lindley 
refused to issue an injunction, on the ground that to enjoin the opera¬ 
tion would work an irreparable damage upon the health and lives of the 
people served. 

Certain, and perhaps the more important, activated-sludge process 
patents held by Activated Sludge, Inc., expired Nov. 20, 1934. 

S 3 rsteins of Air Diffusion.—One of the most important construction 
detaDs is the means of diffusing air through the sewage in the aerating 
tanks. Much study has been given to the subject of air diffusion, with 
a view to securing a diffuser that will meet the following requirements: 
deliver the air to the sewage in a state of fine division; operate without 
becoming clogged; and offer only a small frictional resistance to the 
passage of the air. 

i Porous plates are most commonly used at present. Such plates, 
composed of fused crystalline alumina, are manufactured by the Car¬ 
borundum Co. and the Norton Co., the product of the former being 
called Aloxite brand and that of the Utter, Alundum. Other plates, 
composed of silicious sand and known as Filtros, are manufactured by 
Filtros, Inc. The Filtros plates may be described as artificial porous 
stones and are made of high-silica sand, bonded by a synthetic silicate, 
fusing at temperatures over SKKX)®F. The plates are kiln-burned until 
hard and strong. The Aiufifddm plates are made of fused alumina 
grains, bonded in a kiln at a temperature of approximately 2400®F. 
with a high-aluminum glass. The Aloxite diffuser material is an 
aluminous earth, known as bauxite ere, which is calcined to remove a 
water content of 3Qj^bent and then melted at 2000®C. with coke and 
iron turnings, to produce chenucally a highly refined crystalline alumina. 
The fused alumina is cnished aiJfl screened for grading and tlie selected 
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grams are bonded together with a special clay bond, molded under 
pressure and finally vitrified at high temperature. 

In England, Jones and Attwood diffusers, mads by Activated Sludge, 
Ltd., are generally employed. They are made by a secret process 



Lon9iiudinat Section 


Fio. 177.—Ridge-and-furrow system of air diffusion at Milwaukee, Wis. 

and it is stated that they are neither baked nor fired. The character¬ 
istics of diffuser plates will be discussed later. 

At San Marcos, Tex., air is now applied to the sewage in the aera¬ 
tion tanks by means of numerous open-end pipes, although Filtros plates 



Fio. 178.—Cross section of aeration tank at Indianapolis, Ind** showing spiral- 
flow system of air diffusion. 


were installed when the plant was placed in operation in 1916. The 
San Marcos plant is said to have be^ the first activated-sludge plant 
in this counl^ to serve an entire city (27). 
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Xli© arrangement of air diffusera in aeration tanta: is 
Three general arrangements of plate diffusers have been developed thus 
far. These have given rise to three systems of design known as the 
lidge-and-furrow system, the spiral-flow system and the longitudinal- 
furrow system. The three systems involve not only different positions 
of the plates in the tanks, but also certain structural differences in floors 
and walls, as illustrated in Figs. 177, 178 and 179. The spiral-flow 
system is most commonly used in America. 




, Fig. 179.—^Longitudinal-furrow system of air diffusion at Irwin Creek plant, 

Charlotte, N. C. 

Kusch (4) has described an experimental aeration unit at Oranienburg, 
Berlin, which consists of hopper bottoms in series. In the centers of 
these hoppers, vertical pipes rise, much as in the Simplex system of 
mechanical aeration, but to within a few inches of the surface. 
Air, blown into each pipe thro^yh a connection 32 in. below the flow line, 
induces an upward flow through the pipe and a downward return current 
in the tank. The rising mixture of air and sewage impinges upon a 
submerged deflector, suispended abo*^ the pipe, and is deflected outward 
and downward. Pronounced rippling of the sewage surface is stated 
to be: induced. A somewhat/|^ilar arrangement was employed in 
early tests at Milwaukee (5). 
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Ridge*and-futrow S3r8te]n. —In this country the ridge-and-furrow 
system was first employed at the experimental plants in Milwaukee 
and Cleveland and at the Houston and Milwaukee treatment works. 
In ridge-and-furrow tanks the diffusers are situated in depressions 
created by sawtooth construction of ♦he tank bottom. The concrete 
wedges constructed between the plates are known as spacers and are 
given sufficient slope to prevent deposition of solids upon their surfaces. 
The plates are placed in rows across the tanks at right angles to the 
direction of flow, thus causing the sewage to be subjected to successive 
impacts of air, sometimes referred to as "'air baffles” or curtain 
baffles.” 

At the North Side plant in Houston, Filtros plates, each 1 ft. square, 
are set in containers formii^ rows of diffusers across the tank. These 
rows are spaced 5 ft. apai i aad produce a ratio of diffuser area to tank 
area of about 1:7. At Milwaukee, the plate containers are 4 ft. apart 
and’ are separated by slightly truncated wedges of concrete, forming 
an angle somewhat greater than 45 deg. with the horizontal. A longi¬ 
tudinal furrow equipped with diffusers passes through the center of 
each of the two compartments of the aeration units. Drainage of 
the tanks is facilitated by this furrow. The arrangement of diffusers at 
Pasadena is similar to that at Milwaukee. The longitudinal drainage 
furrow, however, is not equipped with plates. The ratio of plate area 
to tank area at Pasadena is 1:6. An attempt has been made at this 
plant to reduce short-circuiting by placing transverse wooden baffles 
in the tanks, dividing them in plan into six 10by 10-ft. and one 
5H- by 10-ft. compartments. The baffles rise 2 in. above the sewage 
surface and reach to within 1in. of the top of the spacers. 

Transverse baffles are common in English tanks, communicating 
openings either being situated at the bottom of the baffles or alternyating 
between top and bottom of successive baffles. The latter are 35 ft. 
apart in the Withington works at Manchester and 9 ft. apart at 
Stamford. 

Spiral-flow System.—The spiral-flow system was first employed at 
Manchester, England, but was further developed^ at Indianapolis. 
In this system thediffusers are placed in single or multiple rows running 
along one side of the tanks. The air rises vertically along this side and 
induces a rotation of the sewage which combines with the longitudinal 
displacement to produce helical motion. Geometrically, the designar 
tion “spiral flow” is incorrect; but it is so universally employed that it 
would be useless to attempt a change. An appreciable quantity of 
air is carried across the tank and some of it passes downward with 
the sewage on the opposite side. In American plants, deflectors 
are generally provided at the sewage surface and the comers between 
the floor and side walls are beveled or rounded, to aid in establishing 
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aodmamtaimng spiral motion, figure 180.sh.ows a model of the spiral* 
flow system in operation (6)^ : 

Hurd (7) believes there is a real distinction between the spiral-flow 
system developed at Manchester and the American system developed 
by his experiments at Indianapolis. In the Manchester system com¬ 
paratively narrow tanks are used, in which the principal velocities are 
up and down. Observations of experiments in England indicated that 
curved baffles caused a reduction in velocity near the floor of the tank. 
Sandford (8) states that, 


Fig. 180.—Operating model of spiral-flow system of air diffusion. 



. taking this into consideration, together with the fact that atmospheric 
surface was appreciably reduced, resulting in a reduction in interfacial con- 
iact between the sewage and atmospheric air, it was finally concluded that 
the tank which gave the best results was th., open tank without baffles. 

Hurd’s experiments (8) indicated that a material saving in air could 
be secured by spiral circulation in comparatively wide tanks provided 
with suitable deflecting baffles. In Hurd’s words, 

. . . Properly designed angular baffles, in correct relation to air diffusers, 
accelerate circulatory velocities without perceptibly reducing surface 
atmospheric contact. It is believed that curved baffles ... are less 
effective. 

With deflecting baffles set at an angle of about 46 deg. and extend¬ 
ing laterally about 16 per cent o^the width of the tank on each side, 
th^ vdocity waa increased practically 100 per cent in tests at Indian- 
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apolis.' Concerning spiral circulation Hurd has expressed the following 
views (9)J 

The effectiveness of this method, in addition to the use of dedecting baffles, 
depends on the arrangement of the air diffusers. The whole design might 
differ with unscreened and unsettled sewa^^e. The arrangement of diffusers 
depends upon whether it is necessary to sweep the bottom w^th high velocity 
to prevent settling of the heavier solids or whether air might }>e used more 
effectively to give more complete diffusion. 

In the design of a 25 per cent addition to the Indianapolis plant, 
Hurd (9) states that • 

... we have brought the diffusers even more to the center of the tank, 
which is one of the original and important features of spiral flow as dis- 
ting\iished from other systen^ ^th air eccentrically applied. In addition 
to this, we have provided diffufe«3rs which are set in a series of V shaped 
fon^ations to break up uniformity and to prevent any possibility of short 
circuiting. 

Experiments at Indianapolis have shown that as little as 0,!5 ft. 
<'f air per gallon of sewage is required to prevent sludge accumulations 
upon the bottom of tanks 30 ft. wid 9 and 15 ft. deep. Tests at Chicago 
indicate that horizontal bottom velocities of 1 ft. a-second will keep the 
sludge in suspension. Hurd, as stated in Chap. XXV, reports that 
velocities equal to or in excess of H ft. a second are satisfactory. 

The formation of a central, more or less quiescent, core in spiral-flow 
tanks has been recognized as producing some short-circuiting. According 
to Makepeace (10), ‘‘the spiral-flow method is too perfect in that %igood 
deal of quiescence is found in the center of the cone.’^ At English 
plants this tendency has generally been offset by throwing transverse 
baffle walls across the tanks at intervals. A compartment length of 
16 ft. is provided at the Davyhulme wdirks in Manchester and 17)4 ft- 
at Reading. Rectangular openings in the lower corners of the baffles 
above the diffusers maintain communication between the compartments. 
The area of the openings is'about 4 per cent of the effective dross- 
sectional area of this tank at Davyhulme and 3 per cent at Reading. 
At Tenafly, N. J., air baffles are produced by transverse rows of diffusers. 

The ratio of plate area to tank area is commonly smaller in spiral- 
circulation than in ridge-and-furrow tanks. At Indianapolis three 
rows of diffusers are set in recesses in the floor, provision ^ing made 
for the subsequent addition of a fourth row if needed. With three 
rows the ratio of diffuser area to tant'area is 1:13.3. When the tanks 
were placed in operation, it was found that only two rows of diffusers 
were necessary in practice, thus changing the ratio to 1:20. The center 
line of the first row of diffusers is in* from the wall, that of the 
second 17^ In. from the first, and that of the third and fourth 25H ul 
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tom the. preceding ones. At the North Side plant in Chicago there 
are two rows of plates and the plate ratio is 1:9.4. The center line of 
the first row of diffusers is 24 in. from the wall and the distance between 
center lines of diffuser rows is 33 in. The aeration tanks at North 
Toronto, Ont., have two rows of diffusiers and the plate area is 10,7 per 



Fiq. 181.—Plan and aeotional detail of activated-sludge plant at Mercedes, Tex. 

cent of the tank area. The distance of the center line of the first row 
6f diffusers from the wall is 12.5 in. and that of the second row is 19 in. 
from the first. 


A variation of the spiral-flow principle, as developed by Elrod (3) 
and employed at Mercedes, Texas, and elsewhere, is illustrated in 
Fig. 181. Air is diffused into the sewage through 3-in. porous tubes 



Fia. 182.—Cross section hf.aeration tank at Woonsocket, R. I. 


suspended 4 ft. 2 in. below the flow line. To obtain spiral flow, the 
tubes are hung along the inner wall of the tank, which is ring shaped in 
|dan, and a vertical is placed so4;hat a pronounced upward current 
is induced. / ^ | 

The Elrod system* has been installed at Woonsocket, R. I. Here 
^ere are four a^^tidn tanks/t^h 180 ft. long, 18 ft. wide and 12 ft. 
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deep below the flow line. Longitudinal vertical baffles of wood extend 
from 30 in. above the bottom of the tank to 3 ft. below the water surface 
at a distance of 42 in. from the side wall. The porous air-diffuser 
tubes are suspended 6 ft, below the water surface in the narrow section 
between wall and baffle. Wooden cross baffles, with bottom and top 
at the same elevations as those of the longitudinal baffle, are provided 
in the aeration tanks, spaced 45 ft. apart. A typicaL tank section is 
shown in Fig. 182 (11). 

Longitudinal-furrow S 3 r 8 tem.—The longitudinal-furrow or split- 
circulation system was developed at Manchester, England. This 
sjrstem is incorporated in the plants at Gastonia and Charlotte, N. C. 
It resembles both the ridge-and-furrow and spiral-circulation system, 
the former in coni^truction and the latter in operation. Transverse 
travel of the sewage and air is induced in two directions by each row of 
diffusers. Two or more longitudinal rows of diffusers may be employed. 
Th% rows are separated by ridges, as in the case of the ridge-and-furrow 
system, and beveled corners are employed, as in spiral-flow units. 

At Gastonia there are two rows of diffusers and the ratio, of plate 
Area to tank area is 1:5; at Charlotte there are three rows and the 
ratio is 1:6. The system installed at the Irwin Creek plant in Charlotte 
is illustrated in Fig. 179. 

Comparison of Diffused-air Systems.—The ridge-and-furrow and 
spiral-flow systems were compared by the Chicago Sanitary District 
in experiments on corn-products wastes. From 4.0 to 4.7 cu. ft. of air 
per gallon were required for the former against 3,0 to 3.5 cu. ft. for the 
latter. Results obtained with spiral flow, furthermore, were found to 
be more uniform and the working of the tank was considered more 
reliable (12). Advantages claimed for spiral-flow over ridge-and-furrow 
units are: a reduction in air requirements, a longer path of travel 
secured for both air bubbles and sewage, greater absorption of aWos- 
pheric oxygen at the tank surface and reduced short-circuiting. It has 
been computed that the length of travel of the sewage in the Indianapolis 
tanks, which are 15 ft. deep and 20 ft. wide and consist of four compart¬ 
ments 238 ft. long, is over 7 miles. The pitch of the helix is estimated 
at 1.75 ft. ^ 

Comparing ridge-and-furrow aeration with spiral flow, Mohlman and 
Wheeler (13) state: 

In the earlier plants using diffused air, the duffusion was accomplished 
through the ridge-and-furrow type of tank bottom. Although this scheme 
gave very thorough aeration and agitatibn, the motion of the liquid was not 
uniform and the air bubbles rose directly from the plates to the surface as 
rapidly as possible. » 

The introduction of the spiral-flow type of aeration, as exemplified on 
the largest scale at Indianapolis and the North Side l^atment Works, is 
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considered by us to be a distinct improvement in efficiency of aeration. The 
uniform motion of the liquid makes it possible to keep the sludge in suspend 
sion with less air and in our opinion the time of contact of the air bubbles 
with the sewage is longer than in the ridge-and-furrow system, when the 
bubbles rise directly to the surface. Our studies indicate a decided econoniy 
in air requirements when the spiral-flow type of design is correctly inter¬ 
preted. Its efficiency depends upon the proper placing of the diffuser 
plates, the proper rate of air through the plates, the tank dimensions, the 
use of baffles and other variable factors. If these factors are not considered 
properly, all the benefits of this improvement may not be realized. 

Tank Dimensions.—The capacity of aeration units is determined 
by the period of aeration, allowance being made, as previously stated, 
for the return sludge as well as the incoming sewage. The choice of 
tank dimensions, depth, width and length, depends upon the system of 
air diffusion, power consumption, local subsoil conditions and the area 
available. 

Deep tanks conserve area but require more power for compressing 
the air. At Milwaukee, where a depth of 15 ft. was adopted, the con¬ 
trolling consideration was the impracticability of obtaining sufficient 
land for shallower tanks. Experiments at the Milwaukee demonstration 
plant with the ridge-and-furrow type of tank indicated a slight difference 
in favor of the 15-ft. depth of tank, not taking into consideration the 
extra cost of compressing the air for the deeper tank. Deep tanks give a 
lohger period of contact between air and sewage than do shallow tanks. 
The air bubbles become relatively large, however, as they approach 
the surface, and there is a tendency for large bubbles to coalesce. There 
is some ground for the opinion, therefore, that the relative efficiency of 
surface and subsurface aeration thus may be reduced. Parsons and 
Wilson (14), however, report experiments on fill-and-draw tanks 
and 22 H ft. deep, in which they secured equal oxygen concentration 
. in the sewage and equal purification, while using less air for complete 
nitrification of the sewage in the deep the i in the shallow tanks. Some 
difficulty was experienced with the rbi»^tg after apparent sedimentation 
of the sludge produced in the deep tanks. 

In connection with tank depth, tank width and velocity of circulation, 
as well as the characteristics of idr compressors, require consideration. 

The effective depth of a^atipn units in large American plants is 
commonly 15 ft., depths of 10 ft. being most in favor for smaller 

installations. Utilization of existing structures in English plants 
has resulted in the of lesser depths in many installations in that 
country. !! . 

Long tanl^ reduce ,'^^rt-circuiting, but the choice of length is influ¬ 
enced also by the desirable widt^and depth. Width is greatly affected 
by requisites of circulation arid diffuser arrangement. As shown in 
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Table 113, widths varying from 23 to 2 times the depth have been 
employed in American planes of the ridge-and-furrow type. The tanks 
at Milwaukee were made 22 ft. wide, in order to secure ar economical 
arrangement of air piping and diffuser plates. The number of plates 
fed by a single line was restricted to nine 1-ft. square plates and ,an air 
main was installed along the center Jii.3 of the tank to 8Upj>ly them and 
the central line of diffusers. The width of spiral-fldW tanks varies 
from a value about equal to the depth to more than twice the depth. 
The longitudinal-furrow tanks at Gastonia and Charlotte, N. C., possess 
widths that are 0.8 and 1.36 times the depth, respectively. 

The spiral-flow tanks at Indianapolis, Ind., are 20 ft. wide and 16 ft. 
deep. At the North Side plant in Chicago the tanks are 16.18 ft. wide 
by 15 ft. deep. The aeratipn tanks at North Toronto, Out., are 13 ft. 
wide and 10.5 ft. deep. - 

Roe (15) has reported that, ^‘as an experiment, a division wall was 
removed between two a4^ ation tanks at the North Side plant at Chicago 
making the tank approximately 33 ft. wide with a 15-ft. liquor depth, 
^his has been successfully operated using only the two rows of diffusers 
formerly employed in one 16 ft. wide tank.’^ Since this experiment 
there has been a tendency to install wider tanks. The aeration tanks 
at the Easterly plant in Cleveland are 27 ft. wide by 15 ft. deep. 

The desired length may be secured, where necessary, by dividing 
the tank into several compartments by means of longitudinal, round- 
the-pnd baffles. As previously noted, one to four passes have been 
employed in American designs. 

Deflectors.—^The surface deflectors commonly employed in spiral- 
flow tanks in some cases are made an integral part of the structural 
design, as at Indianapolis and North Toronto, and in other cases they 
are bracketed to the walls, as at the North Side plant in Chicago and 
at Elyria, Ohio. At Indianapolis the slope of the deflectors is six 
vertical on seven horizontal above the diffusers and six vertical on 
five horizontal on the opposite side, as shown in Fig. 178. They occupy 
18 and 12.5 per cent, respectively, of the clear width of the tank. The 
large V-shape troujgh, created by this design above the wall adjacent 
to the diffusers, carries the air-supply piping. The’troughs on all the 
walls are filled with gravel and are drained. At North Toronto the 
deflectors form an angle of about 42 deg. with the horizontal and occupy 
about 15 per cent of the width of the tank on each side. The top of 
the wall between faces of the deflectors is filled with concrete. 

At the North Side plant the deflectors form an angle of 40 deg. with 
the horizontal and occupy about 21 per cent of the total width of the 
tank on each side, as shown in Fig. 183. The angle was chosen after 
full-scale experimentation. The (Reflectors are formed by conci^ete 
slabs placed in brackets that are integral with the tank walls and the 
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^alks in which the tops of the walls terminate^ The deflectors at the 
Blyria plant are quadrants of circles. They are made of Armco iron 
and are bracketed to the wall, a clear space of about 2 in. being left 
between the bottom of the deflector and the wall, to prevent quiescence 
of sewage between the deflector and the wall. 

The spiral-flow t 3 rpe of tank is commonly equipped with a fiUet or 
bevel at the junction of the tank wall and bottom. At Indianapolis 
the islope of the finished surface of the fillet on the wall opposite the 
diffusers is 12:7 and begins 3 ft. above the bottom. At North Toronto 
the fillet is set at 45 deg. and is 12 in. high. At the North Side plant 
the fillet is set at 45 deg. and is 18 in. high. The fillet adjacent to the 
diffusers is generally somewhat smaller, as indicated in Fig. 183. 



Flo. 183.—Cross section of aeration tanks at North Side works, Chicago. 

Characteristics of Plate Diffusers.—The requirements for air diffusers 
have been stated on page 632 and the different types of diffusers in 
cpmmon use have been described. The design of activated-sludge 
units employing diffused air entails a knowlec^ge of the normal quantities 
of air that can be handled by different di lusers and the pressure losses 
involved. 

Diffuser plates are commonly chosen on the basis of permeability 
rating. This rating is the number of cubic feet of air per minute 
which will pass through 1 sq. ft. of diffuser, when tested dry at 70*T. 
under a pressure equivalent to 2 in. of water. A method of testing 
diffuser plates for permeability rating, developed by Hatton, is illus¬ 
trated in Fig. 184 (16). In plant design the characteristics of the plates 
when wet are the deteripiping factor, «due allowance being made for 
the clogging to which they ;«u'e subject. 

Holmstrom (17) has reported oq the selection of plates with regard 
j to permeability a» follows: * 
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; In determining the specifications for porous plates and porous plate 
holders in aeration or preaeration tanks^ the problem of cleamng platee after 
installation is an important factor in the final decision. 

In selecting permeability of porous plates, a second factor is the size of 
bubble. Early practice considered that the smaller the bubble size, the 
greater was the oxidation that takes pla^e as the bubbles of air move up 
through the sewage. Based on this factor alone, a plate of low permeability 
was selected. The difficulty that was found, hov’ever, in Electing porous 
plates of a low permeability, was that the plates clog too quickly which 
means that the cost of operation is increased. Accelerated clogging tests 
which have been conducted also prove that clogging occurs less rapidly with 
higher permeability than with lower permeability. Early installations 
contained plates of permeabilities of less than 10. Practically all these 



Fio, 184,—Apparatus for testing porosity of diffuser plates. 

plates as well as some of even higher permeability have been removed 
because of the problem of keeping these plates clean. 

The tendency at present is to allow the cleaning factor to decide the 
permeability rather than the bubble size. In reality, changing to higher 
permeabilities will not affect the pore size as much as might be imagined. 
In a 20 permeability plate, the average diameter of pores is 0.21 mm. and 
in 40 cu. ft. plate 0,30 mm. Further, it has also been found that the major 
part of the oxidation takes place at the surface of the sewage and conse¬ 
quently th^ efficienc5r of the aeration tanks is not reduced to any appreciable 
degree by the larger bubble size which results from using plates of higher 
permeability. 

A third factor which should be considered in the selection of plates is the 
friction loss through the plates. . . . The wet pressure loss of a 40 per¬ 
meability plate is slightly over one third of the wet pressure loss at 10 |>erme- 
ability and less than one half the wet pfNsure loss at 20 permeability. . . . 

In actual practice in recent installations^ we find that permeabilitdes as 
high as 60 are in use. 

Holmstrom further reports that Wards Island plant at New York 
will use plates of 20 permeability; th4t Pasadena, Cal., usas 60 permea^ 
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biiity; that Birminghami England, uses 45, and that Indianapolis 
has found 35 successful. 

The manufacturers of Aloxite diffusers state that diffuser plates with 
a permeability rating of 30 to 36 are now recommended. The manu¬ 
facturers of Filtros plates have reported that the general tendency is 
toward adopting a much coarser plate than was originally used in the 
activated-sludge process and that ratings of 16 to 20 are within the 
most popular range. 

It is desirable that diffuser plates be tested for permeability at the 
l)oint of manufacture and that the rating to the nearest 0.1 cu. ft. be 
stamped or stenciled thereon. Not less than two plates out of each 
hundred should be tested for uniformity and pressure loss. All plates 
controlled by any one air valve through the aeration tanks or channels 
should be of the same permeability rating, within 0.5 cu. ft. Not 
less than 6 in. of clean water should be maintained over the plates while 
the tank is not in service^ 

Filtros Plates .—The stfffidard Filtros plate is 12 in. square and IH in. 
thick and weighs about 12 lb. The plates are manufactured in seven 
^.grades that differ in porosity. The manufacturer's rating of Filtros 
plates is shown in Table 110. 


Table 110.— Average Characteristics op Filtros Plates 


Grade 

Porosity, 
per cent 

Modulus of 
rupture, lb. 
per sq. in. 

Breaking load.^ 
lb. per sq. in. 

*>* 

i 

V 

s 

a. 

Air rebistance of water-saturated 
plate, in. of water when passing 
per sq. ft. per min.® 

Dry 

plate 

Wet 

plate 

2 

cu. ft. 

4 

cu. ft. 

8 

cu. ft. 

A Extremely coarse 

36.6 

381 

.341 

6.7 

60 

7-8 

8-9 

12-13 

„B. Coarse. 

33.8 

617 

412 

9.3 

40 

7-8 

8-9 

12-13 

C. Fairly coarse- 

30.2 

644 

499 

11.3 

24 

8-9 

9-10 

13^14 

R. Medium. 

33.7 

668 

646 

12.3 

,6' 

9-10 

10-11 

14-16 

S. Fairly fine. 

31.1 

856 

646 

14 .e 

10 

10-11 

11-12 

10-16 

E. Fine. 

28.8 

734 

712 

16.1 

6 

11-12 

13-14 

17-18 

H. Dense. 

26.0 

1284 

1247 

28.2 

1.6 

13-15 

16-18 

22-24 


1 Computed from wet modulus for plate; load uniformly distributed on Wyi-iK. 


span. ^ ' 

* Cu. ft. of air per minute per squaref^^t of plate area under a pressure of 2 in. of water. 
Plate l}4 ixL thick. 

* Plate thick. 

The results of tests* bf the loss head through various grades of 
Filtros plates, as wpll i^s other types of plate diffusers, are presented 
in Fig, 185 (18), . m comments as .follows upon the 

capacities and air fcs&tances ofand water-saturated Filtros plates: 
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With dry plates the volume of air passing appeals to be directly propor¬ 
tional to the pressure, but with the plates water-saturated, this does not 
seem to hold true, probably because the water in the plate is gradually 
forced out of the pores. With a fixed volume of air passing, the pressure 
resistance gradually decreases, or with a fixed pressure the volume passing 
gradually increases. In other words, th resistance of the water-saturated 
plate is not constant, hence the latftude in the figures dealing with the 
ratings of these plates. 

Alundum Plates and Tubes ,—^The standard Norton plate is 12 in. 
square and 1 in. thick. The plates weigh about 11 lb. and there are 



three standard grades, coarse, medium,and fine. The manufacturer’s 
rating of Norton Alundum plates is shown in Table 111. Porous 
Alundum tubes are available in various diameters. At Woonsocket, 
II. I., tubes 2 ft. long, with an internal diameter of 4H in. and a wall 
thickness of in., have been used. 

Aloxite Plates and Tubes ,—The standard Aloxite plate also is 12 in. 
square and 1 in. thick. The standard tube is 2 ft. long, with an internal 
diameter of 3 in. and a wall approximately ^ in. thick. The porosity of 
the medium grade ranges from 34 per cent for plates of high permeability 
to 38 per cent for plates of low permeability. Plates and tubes may be 
obtained with permeability ratings ranging from a minimum of 4.0 cu. ft. 
a minute to a maximum of 60.0 cu. ft.-a minute. The delation of pres¬ 
sure loss to air flow for plates within the range of ratings usually specified 
for sewage aeration is given in Table 111. 

i Plate box full at start; constant head m^tained for 20 min.; then drained. Teste 
made under water head of 14.6 ft. and with free air at 14.7 lb. per »u. in. absolute at 
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Tabu: 111.*^baractbbi8Tic8 op Alundum and Aloxitb Dipfusbk 

Platbs 


Grade 

Poros¬ 

ity, 

per 

cent 

1 

Average 
modulus 
of rupture 
lb. per 
sq. in. 

Average 
breaking 
load, 
lb. per 
sq. in.^ 

Perme¬ 

ability* 

Water-saturated 

plate 

Pressure 
loss, in. 
of water 

Volume 
of free 
air, cu. ft. 
per sq. ft. 
per min. 

Dry 

plate 

Wet 

plate 

Alundum 








plates 








Coarse. 

34 

2684 

2235 

22.6 

40.6 

5 

3.48 







6 

6.60 

Mediipix.... 

35 

3045 

2644 

26.7 

22.5 i 

6 j 

0.40 






j 

7 

2.69 







1 8 

4.28 

Fine. 

36 

3770 

3716 

37.5 

4.3 j 

21 

3.09 







23 

4.18 







25 

5.95 

Aloxite plates 






1 







34.5 

5 j 

2.55 






I 

6 I 

6.35 






25 4 

6 

1.00 







7 

4.00 



! 




8 

7.00 






14.7 

10 

2.75 


1 

j 

[ 




11 

5.50 


1 

1 





12 

8.15 


» Computed from wet modulus for 1-in. plate; load uniformly distributed on ll>^-in. span. 
* Cu. ft. of air per minute per square foot of plate under a pressure of 2 in. of water. Plate 
] in. thick. 


Jones and AUwood PlaUiS.~ ’£\^ Jones and Attwood diffuser, as 
generally employed, consists of a’ porous tile set in a shallow cast-iron 
box, of which it forms the cover, this box being connected to the air 
supply. The sizes vary from a few inches to 4 ft. 6 in. in length and 
from 1 in. to 24 in. ^dth. It u; ..difficult to obtain diffusers which 
are uniformly pototih and, as generally used, each diffuser or pair of 
diffusers is supi^Sed by ^ separatet^own-pii^ with a valve for regulating 
the air supply. The plates are uSually designed to nass 2 cu. ft. of free 





DIFFUSED-AIH ACTJVATED-SLUDQE PLANTS 647 


air a minute per square foot of surface with a head equal to 3 in; of 
water, producing bubbles of less than ^ in. in diameter. 

Clogging and Cleaning of Diffuser Plates.—Provision is commonly 
made for thoroughly cleaning the air before passing it through diffuser 
plates. Nevertheless, some trouble h«s been reported due to the 
clogging of the bottoms of plates. At Houston, Tex., Filtros plates, 
clogged by iron rust from cast-iron holders, were cleaned by immersing 
them in a 10 per cent solution of hydrochloric acid for a few hours. 
On the other hand, no troubh from clogging by iron rust has been 
reported from the many plants in Canada and England using the Jones 
and Attwood diffuser plates, which are set in cast-iron containers. 

Copeland (19) has stated that inspection of Filtros plates after 4 years 
of operatic)! in experimental aeration tanks at Milwaukee disclosed 
that a gelatinous coating, containing clots of bacteria and filamentous 
algae, practically covered the bottoms of the plates. This coating 
had Increased the air pressure from 6.5 to 7.8 lb. per square inch. 

^ At Pasadena, Cal., plates that had been set unsuccessfully in asphalt 
were cleaned by washing them with carbon bisulfide, coal oil and water. 
I x spite of this, they lost about 25 per cent in efficiency. 

Clogging of plates at Indianapolis has been relieved by taking a 
tank out of operation, drawing off the liquor and resting the 
tank. 

Clogging of the upper surfaces of diffuser plates has been experienced 
at a number of plants. This has been relieved, in part at least, by 
scrubbing the plates with compressed air and by washing them with a 
weak solution of hydrochloric acid. Grinding with emery wheels and 
sand blasting have been tried with comparatively poor results. 

According to Townsend (20), a blow-torch method utilized at Mil¬ 
waukee has restored to their original state of porosity Filtros plates 
which were clogged at the surface but were free from clogging on the 
bottom. This method consists of applying the blow-torch flame to 
the surface of the plate, until the temperature results in cracking off 
the entire top surface. The thickness of film removed varies from 
extreme thinness to in. The scale is swept off and the plate is 
rubbed smooth with a carborundum block, applied for a few minutes. 
Air is blown through the plate continuously during the cleaning. The 
cost of the work at Milwaukee was about 10 cents a plate. 

The tendency toward selection of plates that have greater permea¬ 
bility than those at first installed, in order to reduce clogging, has been 
pointed out. 

Plate Containers.—^Diffuser plates are commonly set in precast 
concrete containers, that are placed on the floor or sunk into recesses 
in the floor. An air line genefally leids to each container. When the 
plates are spaced close together, they are commonly supported on 
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galvani26dHrt49el angles. When sufficient space intervenes, reinforced- 
concrete construction may be employed throughout. 

At Milwaukee the largest containers hold 9 plates, as shown in 
Fig. 186; at the North Side plant in Chicago a lO-plate container similar 
m construction has been employed. At the Wards Island plant in 
New York precast concrete plate boxes are used, the double-row boxes 



containing 14 plates and the single-row containing 10 plates each. At 
‘ Indianapolis the plate containers are an integral part of the floor con¬ 
struction, as shown in Fig. 178, and the recesses are interconnected 
by 4-in. vitrified-tile pipe laid in the floor. Fifty plates are operated 
from each air-control valve. 

Cast-iron plate containers are subject to rust formation and have 
given trouble from this cause at Houston, Tex. Nevertheless they 

p...yjj. 



Section A-A C Phfc fin bnm^ of Sheet Jfumnum 

Fig. 187. —Cast-iron plate container at Irwin Creek plant, Charlotte, N. C. 


are used widely in England^ A cast-iron container protected by an 
asphalt coating and a lin^g sheet aluminum, each container hold¬ 
ing four plates, has been employed with apparent success at Charlotte 
and Gastonia, N. C. One of the Charlotte containers is shown in 
Fig. 187 (21). In Durham, N, C., the plates have been placed in 
vertical holders made of galvanizei cast iron, as developed by Piatt, 
who also developed the containers used at Charlotte and Gastonia. 

Care is required to firevent t]^ escape of air through the joints around 
,the plates. The authors hav6 investigated a number of grades of 
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asphalt and pitch but have found none which would not allow the air 
to blow through it under the excess pressure required to force tlie air 
through the Filtros plate—about lb. per square inch—at a tempera- 
ture of 80®F. As a result of this investigation they have used Portland 
cement mortar for filling the joints. This has proved impervious to 
air and otherwise satisfactory, except that it is difficult tp cut it out and 
remove the plates without damaging them. 

Lately, in some cases, the joints have been made by filling the bottom 
half with oakum and the top half vdth a Portland cement mortar. 
This is said to make it easier to remove the plates for cleaning or replace¬ 
ment than is the case with the lull cement-mortar joint. 

Recently various forms of containers have been devised which allow 
ready removal of the plates for cleaning. Metal containers of this 
type are relatively expeiifi;^ $nd may not find wide application. The 
Norton Co. has developefl a precast concrete frame to be set in a channel, 
cast in the concrete floor of an aeration unit. The plates are held in 
place by means of bolts and clamps which may be easily removed. The 
manufacturer’s estimate that the cost of a frame for four platec will be 
^bout 63 cents a plate. 

Air Piping.—Since air is an elastic fluid, it may be conveyed through 
pipes at high velocities without running the risk of placing excessive 
strains on the piping, due to'the sudden checking of flow. To secure 
equality of air distribution in activated-sludge tanks, however, the 
friction loss is usually kept low enough to avoid using an excessively 
large number of regulating valves. At Milwaukee, with 2514 Filtros 
plates to a tank, one valve was provided to control 1000 plated. At 
North Toronto each valve governs the air flow to four 8- by 35-in. 
difluser plates. In England, on the other hand, separate regulating 
valves for each diffuser seem to be preferred. In designing the system 
of air piping, it is necessary to balance economy of materials against 
power consumption. Fuller and McClintock (22) state that air veloci¬ 
ties should generally not exceed 2000 to 3000 ft. a minute and that the 
distribution loss, including the plate loss, should usually be below 1.0 
to 1.6 lb. per square inch. The pressures carried in the air mains, 
therefore, usually vary from 5 to 8 lb. per square inch above atmospheric 
pressure for tanks 10 to 15 ft. deep. 

The air mains are commonly constructed of cast iron, the submains 
of cast iron, steel or wrought iron, and the diffuser supply pipcp of 
wrought iron or steel. Since rust would quickly clog the diffuser plates, 
cast-iron mains are generally coated twith some bituminous material 
and wrought-iron and steel pipes are usually galvanized. Aluminum 
and its alloys are used extensively at the Easterly plant in Cleveland 
on small air piping, to resist corrosidb. 
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..Decdga of sk. piping involves a study of the velocity heads and 
friction losses in ^npes and fittings. 

Pipes .—^Estimates of pipe losses can be made by a number of formulas 
(18), (23), (24), The Sanitary District of Chicago has tested and 
employed the Fritzsche formula, which may be stated as follows: 

1 . 268 Q^**®*^ 

^ “* 10,000pd" 

where s = drop in pressure per 100 ft. of pipe, pounds per square inch 
Q = cubic feet of free air per minute at 60®F. 
i = absolute temperature in degrees Fahrenheit * recorded 
temperature in degrees Fahrenheit +459.6 
p — absolute pressure in pounds per square inch = gage pres¬ 
sure + 14.7 

d = diameter of pipe, inches 

Special allowances must be made for losses due to bends, entrance, 
venturi meters, valves and the like. The Fritzsche formula was 
developed from extensive tests in which air velocity varied from 8.2 to 
190 ft. a second, temperature from 57 to 239®F., and pressure from 2.9 
to 164 lb. per square inch absolute. Only small pipes were studied, 
however. 

Morrill has prepared a chart, shown in Fig. 188,’for the solution 
of this formula (23). Tests of 10- and 24-in. cast-iron pipes and a 
4-in. steel pipe by Bushee and Zack (18) of the Chicago Sanitary District 
indicate that, for 10- to 24-in. cast-iron, bell-and-spigot pipe, the friction 
loss will not be far from actual conditions, if computed by the Fritzsche 
formula and multiplied by 1.25, and that, for 4-in. pipe, this formula is 
practically suitable for wrought-iron and steel pipe and does not give too 
♦low results for galvanized-iron pipe. Air temperatures need to be care¬ 
fully selected, allowances being made for the rise in temperature due to 
compression and the subsequent temperature drop in the piping due to 
external cooling, particularly in submerged pipes, and due to expansion 
cooling when the mains carry a higher pressure than needed at the point 
of discharge; for example, when shallow channels carrying mixed liquor 
or sludge are supplied with ait frpm mains leading primarily to deep 
aeration units. 

Air Meters .—study of in venturi air meters by the Chicago 
Sanitary District has shown that the losses vary approximately with 
the differential head, and are somewhat higher in small meters than in 
large ones, as recoi:d|^ the sched;de (18) at the bottom of page 651. 

The accurate m4a^ement of air is important, for upon the correct 
application of nirl di^nds mucl|^of the success of the activatednsludge 
process. 
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For measuring atid indies ting or recording the flow of air, several 
types of equipment are available. The most common arrangement 


n:__ 



Size of meter, 


Loss of head 

,Air pres- .- 

sure, lb. per ^ Per cent of Lb. per sq. 

sq. in. ^ * differential in. per ft. 

head differential 





















652 


AMERICAN SEWERAGE PRACTICE 


does no!^ pass through those pipes 



Flo. 189.—Venturi air meter. 



Fig. 190. —Orifice plate and “Oriflo” diaphragm meter. (Builders Iron 

Foundry.) 


Turbine Roiorm 
NozzkstnSbunfCtrcuif^ 


Pressure Tops 



Main Ait Pipe 


Cooling Pins- 


sReduetion Train 
Magnetic DrA/e 


Oia! face 


Flo. X9X.—“Shunt" air meter. (BuHdere Iron Foundry,) 
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Kmall flows or divisions of the main flow, when the recording of the flow 
does not warrant the installation of a r-egister, indicating manometers 
are sometimes employed. Orifice plates may be used, in conjunction 
with register-indicator recorders, manometers, or “Oriflo’^ diaphragm 
meters. The last-named device is illustrated in Fig. 190. The ^‘Shunt^^ 
meter, shown in Fig. 191, recently4ias been developed for measuring 
the flow of air through small pipes. 

Most designs include two or more sizes of meters, a large one on the 
main supply and smaller ones on the lines leading to aeration units, 
sludge and mixed-liquor channels, re-aeration and sludge-conditioning 
tanks, and air lifts. Bushee and. Zack (18) have made the following 
statement in regard to the selection of air meters: 

Meters should be select-cid to give the minimum differential head con¬ 
sistent with accurate readings.^ To keep down the loss it is desirable to 
kee^ the differential head in a venturi air ineter less than a foot of water, 
and for most types of recorders the accuracy is not good for differentials 
less than an inch of water. Differential heads between a foot and an inch 
give a ratio of maximum to minimum air flow of 3.5 to 1.0. By nroperly 
^electing the meter tubes the total loss in two tubes could be kept to 0.1 lb. 
per square inch. 


Bends and Valves .—Martin has worked out from formulas given by 
Hurst (24) the length of pipe, in feet, equivalent to a square elbow and 
to a 90-deg. bend, whose radius is equal to a pipe diameter. His results 
are shown in the following schedule: 


Diameter, in. 

1 

1 i 

2 

1 

3 

4 

6 

8 

10 

! 

12 

14 

i ! 

16 ' 

18 

20 

24 

Equivalent length of 
pipe, ft.: 

Elbow. 

Bend. 

\l.5 

0.23 

4.9 

0.74 

9.4 

1.41 

14.5 

2.2 

25.9 

3.9 

38.0 

'' 5.7 

i 

i 

50.7 

7.6 

63.7 

9.6 

76.7 

11.5 

1 

90.1 

13.5 

1 

104 

15.5 

n.s 

144 

21.6 


Martin states further that.the head due to a square elbow is approxi¬ 
mately equal to one velocity head and that the loss of pressure at a screw- 
down valve is about 1^ times that due to a square elbow. Saunders 
(25) recommends the following formulas: 

1. For globe valves: 


Additional length of pipe in ft. 


11.4 X diameter of pipe in in. 
1 -j- (3.6 -i- diameter) 


2. For elbows and tees: 
Additional length of pipe in ft. 


7.6 X diameter of pipe in in. 
1 + (3.6 -4- diameter) 


Elbow losses are sometimes assumed to equal the loss in a pipe of 
like size approximately 30 diameters in length. In testing a KKim 
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aluminum-flap check valve, to which an elbow was attached, at the 
Des Plaines works of Chicago, Bushee and Zack assumed this value 
and found a loss of about 0.06 Ib. per square inch for normal air flows. 

In most designs two or more check valves are employed, one on the 
main following the blower and the others on the takeoffs to the individual 
units. In some of the recent designs, check valves on the lateral air 
lines to the individual aeration tanks have been omitted. At Spring- 
fldd, Ill., the check valves originally installed on the air lines to the 
aeration tanks have been removed, with a resultant reported saving, 
due to decreased friction, of about 3 per cent in power requirements 
for air compression. 

Power Required for Compressing Air.—^The pressure to which the 
air must be raised is equal to the pressure due to the head of sewage 
in the tanks plus distribution losses in piping and jflates, with a reason¬ 
able factor of safety. 

Since heat is generated in compressing air, compression is not iso- 
thermal but adidbaticy the heat not carried off swelling the volume of 
the air and increasing the power expended by an amount corresponding 
*to the increase in volume compressed. 


Table 112.— Power Required for Compressing Air 


Final 
pressure 
'cf air^ 
lb, per 
sq. in. 

‘ Theoretical work to 
compress 1 mil. cu. 
ft. of free air, 
hp.-hr. 

Theoretical power to 
compress 100 cu. ft. j 
of free air a minute, 
lip. 

I Theoretical cost of 
compressing 1 mil. 
cu. ft. of free air with 
elec, power at 1 ct. a 
kw.-hr. 

1 

72.3 

0.43 

$0,639 

2 

144.0 

0.86 

1.074 

3 

200.8 

1.20 

1.498 

4 

265.2 

1.69 

1.978 

5 

326.8 

1.95 

2.430 

6 

384.7 

2.31 

2.869 

7 

442.6 

2.66 

3.301 

8 

490.2 

2.94 

3.666 

9 

643.4 

3.26 

4.063 

10 

596.6 

V 

3.68 

4.449 

12 

697.1 

4.18 

5.199 

14 

786.4 

4.71 

.6.868 

16 

876.9 

6.26 

6.533 


Note: This table is the assumption that the air is compressed under adiabatic 

conditions, aa is the praetkta in nearly a^,blower work, from atmospheric pressure and an 
initial temperature of WeightvoKi cu. ft. of free air » 0.0764 lb. Slightly lower 

■power oonsumptioB may be obtained with good water-jacketed reciprocating compressors. 
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The power required and its cost can be estimated from data in Table 
112, by applying the assumed efficiency and other data peculiar to the 
case under consideration. The efficiency which may be exacted from 
a high-grade electric-motor-driven blower plant will vary according 
to the type and size of machine, but in general may be assumed to be 
60 to 70 per cent. 

A convenient approximate unit of power to bear in mind is that 
30 hp. per hour will be required for furnishing 1.0 cu. ft. of free air per 
gallon of sewage for the treatment of 1.000,000 gal. of ordinary municipal 
sewage in 24 hr., in tanks 15 ft. deep. 

Air Compressors.—number of types of air compressors have been 
used in activated-sludge plants, among which the following may be 
mentioned; single-stage compressors; positive-pressure blowers; centrif¬ 
ugal compressors; and compressors. The last three mentioned 

are illustrated in Fig. 102. I'he first has not been used much in this 
cotfhtry, but a number of installations have been made in Canada and 
England. 

In selecting the type of compressors, the probability that impurities 
in the air will gradually accumulate on the surface or in the pores of 
plate diffusers, resulting in partial clogging and a gradual increase 
in the frictional resistance, requires consideration. The initial operating 
pressure may be increased from time to time on this account. It is also 
important to provide a flexible compressor plant, capable of adjustment 
in air supply to the volume and quality of the sewage and to other 
conditions and requirements subject to considerable change. In large 
plants variation in volume of air can be secured to a reasonable degree 
by throwing in or out of service one or more compressors. In smaller 
plants it may be of importance to select compression units with which 
the volume of air furnished by each unit can be varied without wasting 
power or material loss in efficiency. The several types of compressors 
vary greatly in size, and weight, so that the type of equipment selected 
affects materially the design of the structural details of the compressor 
plant. 

Four types of prime movers may be employed, namely, electric 
motors, Diesel engines, gas engines and steam engines. In selecting 
the type of power, consideration is generally given to practical oper¬ 
ating conditions, the general power requirements of the plant being 
taken into account. Power may be needed for sewage and sludge 
pumps, screens, sludge conveyors, dryers and other mechanical eijuip- 
ment that may constitute part of thej treatment works. Where sewage 
solids are digested, utilization of the gases of decomposition sometimes 
is adopted. Some of the questions to be considered are discussed in 
Chap. XVIII, “Pumps and Pumping Stations,^’ of Volume I of this 
w<Srk. 
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Pistonrtype Compressors .—At a number of Canadian and English 
plants, high-speed, single-stage piston compressors are in use, generally 
driven by electric motors, either directly or with belt connection. This 
type is moderately efficient but has the serious disadvantage that it is 
difficult to keep cylinder oil out of the compressed air. The compressors 




(«) (/) 

Fig. 192. — Types of air compressorsp a and h, Positive-pressure blower (Rotary 
tsre); c and d, centrifugal oornpressor; e and /, Hytor compressor. 


are heavy and cumbersome, as Compared with other types for supplying 
air at the relatively low pressures needed for activated-sludge plants. 
The quantity of air supplied per unit cannot be varied easily to meet 
changing conditions. ^ T^ee Beiliss and Morcom reciprocating com¬ 
pressors, each of sSK^tl3000-c.f.m. capacity at a pressure of 6 lb., are 
provided at the Ndfth Torontq sewage-toeatment plant. Air is con- 
. ditioned by filters of the Midwest type. • 
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Positive-pressure Blowers, —Positive-pressure bloWers of the rotary 
type have been used for a number of medium-size installations. They 
are built with capacities ranging from 100 to 15,000 cu. ft. of free air 
a minute and for pressures up to 10 lb. to a square inch. The speed 
varies from 1000 r.p.m. or more, for small blowers of 100-c.f.m. capacity, 
to 300 r.p.m. or less, for large blower| vA 5000-c.f.m. capacity. These 
blowers operate at relatively high efficiency, 75 to 80 per cent in the 
larger sizes, and are of comp'iratively simple and reliable design. The 
space and foundation requirements are nominal. They may be driven 
direct-connected to steam or oil engines or slow-speed electric motors. 
Chains, belts or gears are commonly used for connection with high-speed 
electric motors. These blowera do not introduce any oil or dirt into 
the air, if suitable stuffing boxes are provided. 

At a given speed, a prao1|/*ally constant volume of air is furnished 
by positive-pressure blowfe^'s, tho. pressure depending upon the resistance 
offered, as by the head?( f water against which the air is introduced 
into the aeration tanks and by the friction in pipe lines and diffuser 
plates. One of the advantages of this type of blower is that it will 
b^uld up pressure sufficient to overcome increased frictional resistance 
in diffuser plates and pipe lines. On the other hand, the capacity 
cannot readily be varied to conform to varying air requirements, unless 
provision is made for economically varying the speed. 

According to Fuller and McClintock three positive-pressure blowers 
of 3200-c.f.m. capacity against 5 lb. pressure have operated satisfactorily 
for several years at Houston (22). Two are connected to 150-hp. 
electric motors and one to a 150-hp. Diesel engine. The overall efficieftcy 
of these units from the switchboard, referred to adiabatic air horsepower, 
is 50 to 55 per cent. 

At Springfield, Ill., three positive-pressure Connersville blowers are 
installed, having capacities of 2200, 3300 and 4500 c.f.m. agaiilst a 
head of 8.5 lb. per square inch. The 2200- and 4500-c.f.m. units are 
driven by direct-connected synchronous motors. The 3300-c.f.m. unit 
is direct-connected to a 180-hp. gas engine. Test data on the operation 
of the latter unit are given in Chap. XlV. With this unit it is possible 
to change the engine speed and blower output, in order to match the 
air requirements ih'^the activated-sludge process. 

Hytor Compressors. H3rtor compressors are manufactured in various 
sizes, ranging in capacity from 30 to 3000 c.f.m. and adapted to pressures 
up to 15 lb. per square inch, but are most efficient when delivering 
against pressures of 8 to 12 lb. The speed varies from 1600 r.p.m. for 
the smallest size to less than 250 r.p.tn. for the largest. The power 
requirements are 30 to 40 per cent greater for Hytor compressors than 
for other types. It is otherwise a sin^ple, reliable and efficient machine. 
The air is quite thoroughly washed during compression and contains 
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no oil. A suitable separator is furnished with the compressor to remove 
water entrained in the compressed air. 

The compressor is quiet in operation and produces a steady Sow of 
|iir, free from pulsation, without the use of a receiver. The operating 
characteristics with regard to pressure and variable capacity are similar 
to those of the positive-pressure blower. 

Four motor-driven H 3 rtor compressors, developing a pressure of 
8 lb. per square inch, are provided for the aeration tanks in the Calumet 
sewagertreatment plant at Chicago. Two units, driven by 150-hp. 
motors, have a capacity of 2500 c.f.m. each, another, driven by a 
76-bp. motor, has a capacity of 1000 c.f.m. and another, driven by 
a 45-hp. motor, has a capacity of 450 c.f.m. 

Six motor-driven units of this type, having a combined capacity of 
11,450 c.f.m., are installed in the Des Plaines sewage-treatment plant 
at Chicago. Screens and an air washer are provided for cleaning the 
air at the latter plant and screens and an air filter are employed at the 
Calumet plant. 

Cenkifugal Compressors .—Centrifugal compressors, otherwise known 
as turbo-compressors, in sizes of 2500 to 40,000 c.f.m., are well adapted 
to the, requirements of activated-sludge plants. Flexibility can be 
secured and the volume of air furnished can be varied by opening or 
clofflng the blast gate in the suction pipe. The power required varies 
appro^iinately with the volume of air used, when operating at constant 
However, this type of compressor furnishes air at a uniform 
pressure, which can be varied only by changing the speed of the impeller. 
With certain types of driving apparatus, this is not practicable. In 
such cases, the pressure necessarily is made high enough to meet all 
emergencies. During a large part of the time, therefore, there is a 
waste of power in compressing the air to a higher pressure than is 
necessary. 

Cenfarifugal compressors in the larger sizes operate at comparatively 
high speeds, adapted to direct connection to steam turbines or high¬ 
speed electric motors. In some units a single-stage centrifugal com¬ 
pressor is driven through increasing gears, so as to operate at high speed. 
This is claimed to be preferable to a low-speed machine which has two 
or more stages in series, being lighter, just as reliable, much more 
efficient, more accessible, occupying less floor space and costing less. 
Unless it is possible to adjust Ihi^ speed, as in the case of a steam turbine, 
it is essential to know closely the maximum pressure against which 
centrifugal compressors will be called upon to operate. 

At the Irwin Creek plant in Charlotte, compressed air is furnished 
at a pressure of 8 Jbu p^sr square inch by three 170-hp., motor-driven, 
3000-c.f.m., sip^e-stftge, Genei^ Electric compressors, illustrated in 
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Fig. 193. The motor speed is 1760 r.p.m., with increasing gears to 
raise the speed of the compressors to 13,660 r.p.m. 

The North Side plant at Chicago is equipped with seven turbo-com¬ 
pressors, driven by direct-connected synchronous motors at 3600 r.p.m. 
A view of the interior of the compressor house is shown in Fig. 194. 
All blowers are designed for a rated ^r^^ssure of 7.75 lb. to a square inch 


I' 



Fia. 193.—Centrifugal air eompressors geared to induction motors at Irwin Creek 
sewage-disposal plant, Charlotte, N. C. 



Fia. 194.—Compressor plant at North Side treatment works, Chicago. 


at 85®F. Three units, driven by 1650-hp. motors, have a rated capacity 
of 30,000 cu. ft. of free air a minute and four units, each driven by 
2160-hp. motors, supply 40,600 cu. ft; of free air a minute. The air- 
conditioning equipment includes air heaters, washers and oil-coated 
air filters. 

The Milwaukee plant has four centrifugal compressors of 36,000-c«f.m. 
capacity at a gage pressure of 10 lb. to a sq. in., driven by steam turbines. 
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With steam at 200 lb. pressure and lOO^F. superheat, these units showed 
a steam consumption of 10.98 lb. per brake-hp., including auxiliaries, 
or 10.11 lb. per 1000 cu. ft. of air. The test efficiency of the compressors 
alone was 66.3 per cent. 

Air is furnished at the Sugar Creek plant in Charlotte by three 
De Laval, three-stage, centrifugal air compressors. Two of these 
compressors have a capacity of 3000 c.f.m. at a pressure of 8 lb. per 
square inch and are driven by 150-hp. motors. The motor speed 
is 1750 r.p.m. with increasing gears to give a compressor speed of 
5850 r.p.m. The third unit is similar, except that it has a capacity 
of 3500 c.f.m. and is driven by a 225-hp. gas engine. This engine has a 
normal speed of 1200 r.p.m. with increasing gears to give a compressor 
speed of 5850 r.p.m. The engine may be adapted to use either gasoline 
or the gas collected from the separate sludge-digestion tanks at the 
plant. 

Cleaning Air.—^To prevent the clogging of plate diffusers, the air 
generally is cleaned thoroughly before being compressed. The means 
\ for accomplishing this are generally the same as those employed in the 
, ventilation of office buildings, assembly halls and factories. They may 
be classified as filters, air washers, and oil cleaners. 

Canton flannel and 10- or 12-oz. duck were employed as filtering 
media at a few of the early activated-sludge plants. At the Des Plaines 
works of Chicago the duck is supported on wooden slats and each 
square foot of cloth passes about 4 cu. ft. of air a minute. An examina¬ 
tion of the air-cleaning equipment of American plants shows that air 
filters of cloth are not employed so widely as air washers or oil cleaners. 

In air washers the air is drawn through a spray chamber in which it 
encounters a fine spray of water discharged from numerous atomizing 
nozzles. Leaving the spray chamber the air passes through an elimina¬ 
tor, consisting of narrow vertical passages formed by corrugated metal 
sheets, so formed as to give the air several changes of direction. The 
first corrugations are wet with water thrown out of the air by its change 
of direction. The dirt and other solid matter, which have been wetted 
by the water sprays, are thrown against these sheets and washed to a 
settling tank below. The last corrugations appear dry but accomplish 
some removal of free or unabsoibed moisture and solid matter. The 
water is strained and recirguiated by a pump. 

Air washers are employed at Indianapolis and at the North Side 
works ^ Chicago. The Indianapolis equipment is guaranteed to remove 
from ihe air 99 per cent of all dust and floating particles. Troubles 
with air washers di|^^ to freezing were encountered at Milwaukee. 
Heaters have been Chicago for the purpose of avoiding 

such troubles, The: frictional resistance of air washers generally is 
, about Hto ih. of water, wi4n passing air at rated capacity. 
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Oil cleaners of the contact type consist of cells filled with a metal 
medium, coated with a light oil. The air passages are tortuous and the 
impurities are removed on the contact surfaces. From time to time 
the cells are flushed with oil which is circulated by a pump from a 
reservoir. Oil cleaners are employed at the North Side works in 
Chicago, as well as at Milwaukee, I^rth Toront(\and Pasadena. Dur¬ 
ing 1931 filters, in which the filtering medium is paper, were installed 
at the Milwaukee plant, to follow the oil cleaners. When the filtering 
medium becomes dirty, it is thrown away and new material is put 
in its place. 

The Midwest air filter is composed of units 20 X 20 in. in area and 
4 in. deep. Each cell passes 700 to 1000 cu. ft. of air a minute with a 
resistance of 0.25 in. of water. The guaranteed efficiency is 96 to 
99 per cent removal of du^tl It is guaranteed also that not more than 
0.05 grain of dust per 10(^0 cu. ft. of air will remain in the cleaned air. 

Ris-aeration Units. — ^\.s shown in Table M3, re-aeration tanks 
were incorporated in the design of some of the early American works, 
such as the North Side plant at Houston and the plant at Pasadena, 
^le-aeraoion tanks w^ere installed also at Indianapolis for emergency use. 
In general, the design of re-aeration tanks follows that of the aeration 
units themselves. At Houston the re-aeration tanks have one half the 
capacity of the aeration units. Of the air supplied at Houston about 
2 or 3 per cent is used for air lift, two thirds of the balance for aeration 
and one third for re-aeration. The total volume of air used per gallon 
of sewage is 1.85 cu. ft. (26). 

At Pasadena the re-aeration capacity is one sixth of the aeration 
capacity. During the year ending June 30, 1929, the average aeration 
l)eriod at Pasadena was 4,4 hr., the estimated average re-aeration period 
was 2.0 hr. and the total air supply per gallon of raw sewage treated 
was 1.9 cu. ft. 

Statistics of Diffused-air Plants. —Statistics of a number of diffused- 
air plants are given in Table 113, 

Costs of Construction, Operation and Maintenance of Diifused-air 
Plants. —The construction cost of diffused-air activated-sludge units, 
based on prices prevailing from 1925 to 1929 and including only aeration 
and final-sedimentation tanks, operating gallery, blower plant and 
return-sludge pumping plant, varies from $25,000 to $40,000 per 
million gallons daily capacity and from $2.50 to $5.00 per capita for 
large plants. The cost may be appreciably higher for plants with an 
average capacity of less than 5 m.g.d.' The usual range of construction 
costs of complete treatment plants employing the activated-sludge 
process has been given in Chap. II. 

Operating charges are primarily for power, labor and supplies. Power 
is employed principally for compression of air used in the aeration 
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Tablb 113.—Design Characteristics of Typical AcnvATBi>-sLUi>GB Plants Employing Diffused Air.— {Continued) 
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tanks and channels, with some additional power requhred for pumping 
return sludge and operating mechanical equipment in the final-sedimen¬ 
tation tanks. Power costs for large plants may range from $3 to $10 per 
mil. gal. of sewage treated. Such costs may be considerably greater 
for small plants treating less than 5 m.g.d. Including labor and sup¬ 
plies, the operating charges may be in the vicinity of twice the power 
costs. The cost of operating activated-sludge units seldom is separated 
from that of operating the entire plant for the treatment and disposal 
of sewage and sludge. Treatment requirements, unit air supply, care 
given to maintenance and laboratory control vary greatly among plants, 
so that average unit costs are of little value. 
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CHAPTER XXVII 


UTILIZATION AND DISPOSAL OF SEWAGE SLUDGE 

In most cases the solids removed in one way or another from the 
liquid sewage in sewage-treatnfent works constitute the most important 
by-product of the treatment processes. These solids include grit, 
screenings and sludge, the last bebg by far the largest in volume. The 
disposal of screenings an4 if grit has been taken up in Chaps. X and XI, 
respectively, and it has been pointed out that screenings are sometimes 
disposed of together mth sludge. 

Since the daily volume of sewage handled in treatment works of 
other than rural communities commonly runs into millions of gallons 
<*nd the sewage contains substantial quantities of sludge-forming 
substances, the daily volume of sludge produced generally runs into 
thousands of gallons. The problem of dealing with such quantities 
of material is naturally one of considerable magnitude, especially 
when it is remembered: that the sludge is made up in considerable 
proportion of substances which are responsible for the offensive character 
of untreated sewage; that, except in the case of well-digested sludge, 
these substances are still capable of rapid decomposition in the state 
in which they are produced by the sewage-treatment process; and that 
only a small part of the sludge is solid matter. 

The dewatering of sludge on drying beds, so as to prepare ,it for 
disposal without creating offense, will be taken up in Chap. XXVIII. 
The dewatering and drying of sludge by mechanical means will be 
considered in Chap. XXIX, The character of sewage sludge, how to 
dispose of the treated or untreated sludge as economically as possible, 
and its utilization as a fertilizer where circumstances justify it, are 
matters to be considered in this chapter. 

The various means of sludge disposal are presented in the following 
outline. 


Methods of Sdudob Disposal 

A, Disposal of wet sludge 
1. Disposal in water 

а. Dumping at sea 

б. Dumping in rivers during, flood 
c. Dumping in lakes 
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2. Disposal upon land 

a. Flowing on land 

b. Covering in furrows and trenches 

c. Lagooning 

d. Use as fertilizer 

B. Disposal of dewatc'.red sludge 

1. Disposal in water 

a. At sea 

h. In lakes 

e. In rivers 

2. Disposal upon land 

а. For filling 

б. As fertilizer 

3. Disposal by other less well-established methods, including 

incineration 

C. Disposal of dried sludge 

1. As fertilizer 

2. As fertilizer base 

In order to avoid repetition, this outline will not be followed in detail 
in subsequent sections of this chapter. The disposal of wet and partially 
dewatered sludge, for example, will be discussed jointly. 

Quantity of Sludge Produced by Different Sewage-treatment Proc¬ 
esses.—The quantities and characteristics of sludge produced by 
different processes of sewage treatment have been discussed in preceding 
chapters, together with a consideration of the factors influencing its 
production. For purposes of comparison and reference a summary of 
typical yields is given in Table 114. 

Appreciable departures from these values are to be expected, as shown 
by referring back to the figures of actual experience previously recorded. 
A comparison of the actual sludge yield of the same sewage when sub¬ 
jected to three different methods of treatment may be obtained from 
^ experiments by Eddy and Fales (1) made at Worcester, Mass., on a 
large scale under practical working conditions. 

Their results are summarized in Table 115. 

Statistics of sludge quantities may be reported in several differ¬ 
ent ways. For purposes of comparison the quantities are generally 
expressed in terms of the sewage flow or the tributary population. 
Gallons of sludge produced per million gallons of sewage treated is a 
unit in common use by piaat ^operators. Engineers use in addition 
cubic feet, cubic yards, pounds and tons per million gallons; cubic feet, 
cubic yards and poulwb per capita or per 1000 population daily; and 
tons per capita or p^ population yearly. Sludge volumes may be 
compared also on of 00 per cent water content. 

Expressing resulf^sib terms of the quantity of sewage treated is 
generally less ihfoi^tive than tlteing them on the tributary population. ' 
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Table 114.— Nominal Quantities and Chakacteristicb of Sludoe 
Produced by Different Treatment Processes' 


Treatment process 

Normal quantity 
of sludge 

Mois¬ 

ture, 

per 

cent 


Dry solids 

«Gal. 
per 
mil. 
gal. of 
sew¬ 
age 

1 

Tons 
per 
mil. 
gal. of 

sew¬ 

age 

Cu. ft. 
per 
1000 
per¬ 
sons 
daily 

Spe¬ 

cific 

gravi¬ 

ty 

Lb. 
per 
mil. 
gal. of 
sew¬ 
age 

Lb. 

per 

1000 

per¬ 

sons 

daily 

Plain sedimentation: 








Undigested. . 

2950 

12 5 

.30.0 

95 

1.02 

1250 

125 

Digested in separate tanks .^ .u > 

1450 

6.25 

19.0 

04 

1.03 

750 

75 

Digested in Imhoff tanks...,. 

860 

3.75 

11.5 

90 

1.04 

750 

75 

Ejigested and dewatered of sand 








beds... 


0.04 

5.7 

60 


750 

75 

Digested and dewatered on vacuum 








filters. 


1.36 

4.3 

72.5 

1.00 

750 

75 

Tdokling'filter humiis tanks. 

745 

3.17 

0.0 

92.5 

1.025 

4:3 

48 

Jhemical precipitation. 

5120 

22.0 

68.5 

02.5 

1.03 

3300 

330 

Dewatered on vacuum filters. 


6.0 

19.3 

72". 5 


3300 

330 

Preliminary sedimentation and acti¬ 








vated-sludge: 








Undigested, as drawn from pre¬ 








liminary sedimentation tanks.... 

6000 

20.25 

02.0 

06 

1.02 

2340 

234 

Undigested and dewatered on vac¬ 








uum filters. 

1480 

5.85 

20.0 

80 

0.95 

2340 

234 

Digested in separate tanks. 

2700 

11.67 

36.0 

94 

1.03 

1400 

140 

Digested and dewatered on sand beds 


1.75 

18.0 

60 


1400 

■ 140 

Digested and dewatered on vacuum 

.1 







filters... 


3.5 

11.7 

80 

0.95 

1400 

140 

Activated sludge: 








Wet sludge. 

19,400 

75.0 

258.0 

98.5 

l.OOfi 

i 2250 

225 

Dewatered on vacuum filters. 


5^62 

10.0 

80 

0.95 

2250 , 

225 

Dried by heat dryers. 


'V 

1.17 

3.0 

4 

1.25 

2250 

225 


1 Based on a sewage flow of 100 gal. per capita daily and 300 p.p.m., or 0.25 lb. per capita 
daily, of suspended solids in sewage. ' 


Table 116 . —Sludoe Obtained from Worcester Sewage by Different 
Tank Treatments, 1902 and 1908 



Tons of dry suspended matter 
per mil. gal. of sewage 

Sludge, 
gal. per 
mil, gal. of 
sewai^ 



Sludge' 

Total 

Untreated sewage. 

Chemical precipitation. 

1.247 

0.260 

1.486 

BH 

4872 

Plain sedimentation. 


0.680 

BBSS 

2544 

Septic tank. 


0.161 

1.001 

648 


^ Jadudins aoum. 
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This fact is illustrated in Table 116, which gives the unit quantities of 
sludge removed by horizontal-flow sedimentation tanks in a Massa¬ 
chusetts city of about 12,000 population, producing practically no 
industrial wastes. The tanks were cleaned every three weeks. The 
difference between maximum and minimum unit quantities is 185 per 
cent of the average value, on the basis of sewage flow, and only 12 per 
cent when referred to the population. * 


Tabus 116.— Quantity of Sludge Produced at a Massachusetts City, 

1912 



Flow of 

Quantity of sludge 

Period 

sewage, 
gal. per 
capita 
daily 

Gal. per 
mil. gal. 
of 

sewage 

Cu. yd. 
per mil. 
gal. of 
sewage 

Cu. ft. 
per capita 
daily 

idaximum, Oct. 4~Oct. 25. 

29.2 

4271 

21.2 

0.0166 

Minimum, May 10~May 31. 

Average, Nov. 7, 1911-Nov. 22, 

112.6 

908 

4.5 

0.0146 

1912. 

64.1 

1822 

9.0 

0.0162 


Oharacter of Sludge Produced by Different Sewage-treatment 
Processes.— Aa the moisture content of sludge is reduced, it changes 
its state from that of watery sludge, first to sludge paste, next to sludge 
coibe and Anally to sludge grains. Watery sludge contains so much 
water that the sludge flows by gravity and is pumped readily, cohesion 
of the particles being slight. The point at which the sludge will no 
longer flow varies for different sludges. Digested sludge from Imhoff 
. tanks, for example, will flow when it contains 80 per cent moisture, 
^ while activated sludge of this water content ^ distinctly a paste. Sludge 
with a water content low enough to e»uible it to be handled with a 
shovel is called spadable. When the water content of Imhoff sludge is 
reduced to 50 or 60 per cent, it can be handled readily with a fork and 
is called farkable. The sludge at the North Toronto plant, resultant 
from the digestion in separate j^dge-digestion tanks of solids removed 
from primi^ tanks togethe^ #tlii excess activated sludge, at times has 
been so heavy as not to flow readily even though the moisture content 
is above 90 per cent. This sludge has been forkable and has been 
removed from the dry^ beds while still containing 80 per cent moisture. 
Sludge cake contiM^- l^ water than is required to All the natural 
pore spaces betweehli^ particles. The volume then no longer depends 
upon the wat^ content. Thnl^udge finally becomes granular when 
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its moisture is reduced below 10 per cent, a requirement which generally 
must be met when the sludge is to be marketed as a commercial fertilizer. 

From the standpoint of sludge treatment and disposal, factors other 
than volume and water content enter into the problem. Among them 
may be the appearance and putrescibility of the sludge, its digestibility, 
dewatering characteristics and fertilizing value. Appei^rance, putresci¬ 
bility and dewatering characteristics, particularly a& drying, must 
usually be considered wh<'n the sludge is to be disposed of without 
treatment, other than perhaps drainage to a spadable condition by 
running it on to beds of sand or other porous material. Digestibility 
is of importance if the sludge h to be digested, either alone or mixed 
with other sludges in two-story or separate digestion tanks. Dewatering 
characteristics, with special reference to centrifugalizing, filtration 
and heat dr 3 ring, generally be^^^pme of moment when the moisture content 
is to be reduced by mecramcal means, particularly in connection with 
the«preparation of the sfadge, notably activated sludge, for commercial 
utilization of its fertilizing constituents. 

The character of different sludges, as measured by appearance, 
nutrescibility, digestibility and air-drying qualities, is discussed below. 
Their properties as regards mechanical dewatering and drying will be 
discussed in Chap. XXIX and their use as fertilizers will be considered 
in subsequent sections of the present chapter. 

ActivcUed sludge generally has a brown fiocculent appearance. If the 
color is quite dark the sludge may be approaching a septic condition. If 
the color is lighter than usual there may have been underaeration with a 
tendency for the solids to settle slowly. The sludge, when in good condition, 
has an inoffensive earthy odor, but sometimes has a tendency to become 
septic rather rapidly and then has a disagreeable odor of putrefaction. It 
will digest readily alone or mixed with fresh sewage solids. If the undigested 
sludge is flowed over a sand bed to a depth greater than 4 or 5 in., the 
suspended matter settles rapidly and clogs the pores of the sand before the 
water can pass through them, thus making the drying process a slow one 
even under the most favorable^ conditions, because a large part of the water 
can escape only by evaporation. 

Sludge from cheritieal-precipitaHon tanks is usually black in color, though 
its surface may be if it contains much iron. The odors from it may be 
objectionable, but' hot so bad as those from plain-sedimentation sludge. 
While it is somewhat slimy, the hydrate of iron or aluminum in it makes it 
gelatinous. If it is left in the tank it undergoes decomposition like the 
sludge from plain sedimentation, but at a slower rate. It gives off gas in 
substantial quantities and its density i» increased by standing. When the 
sludge is spread on drying beds, the w^ter will gradually drain away or 
evaporate, leaving after several weeks a stratum of slimy sludge of about 
the consistency of lanl, containing 70 to 80 per cent of water. 

Sludge from jdainrsedimenlation (ofiks is usually gray in color, slimy in 
consistency and, in most cases, possesses an extremely offensive odor. 



117. —Composition of S^agk Sludge 
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Brighton plant.j Digested ! 1.015 ! 85.5 i 32.3 \ 1.90 | 0.80 | 0.2 
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It will digest readily under suitable conditions of operation and can be dried 
by spreading it on porous beds, but it must be spread thinly in order to 
enable the water to percolate away rapidly. 

Sludge from eingU^t&ry septic tanks is black and, unless well digested by 
long storage, is offensive on account of the hydrogen sulfide and other 
gases it gives off. The sludge can be dried on porous beds, if spread out in 
thin layers, but objectionable odors are to be expected while it is draining, 
except when the sludge is well digested. 

Digested sludge is dark brown to black in color and contains an excep¬ 
tionally large quantity of gas. When thoroughly digested it is not offensive, 
its odor being relatively faint and like that of hot tar, burnt rubber or sealing 
wax. When drawn off on porous beds in layers 6 to 10 in. deep, the solids 
first are carried to the surface by the entrained gases, leaving a sheet of 
comparatively clear water below them, which drains off rapidly and allows 
the solids to sink down slowly on to the bed. As the sludge dries the gases 
escape, leaving it more or less spongy and with an odor resembling that of 
garden loam. 

Trickling’-fiUer humus is brownish, flocculent and relatively inoffensive 
when fresh. It generally undergoes decomposition more slowly than other 
undigested sludges, but when it contains many worms it may become 
offensive quickly. It is readily digested, but when this is not done it is like 
activated sludge in being difficult to dry on porous beds. 

At Providence, R. I., the sludge resulting from sedimentation of 
chlorinated sewage did not possess a particularly offensive odor when 
observed during the summer of 1912. Similarly the sludge produced 
by the septic process at Birmingham, England, is said to produce little 
odor because of the presence of copper compounds. At New Haven, 
on the other hand, Winslow and Mohlman (2) ascribed the offensive 
condition of Imhoff sludge, obtained from an experimental plant on 
the Boulevard sewer, to the antiseptic action of copper wastes. 

Composition of Sewage Sludge.—The analysis of sewage sludge has 
been discussed in Chap. IV. As there shown, the characteristics of 
sewage sludge may be measured by a nunijber of different tests, selection 
of which depends upon the information desired. Frequent reference 
has been made in previous chapters to these tests that are of general 
interest in the management of sewage works. Tests that are valuable 
in connection with the disposal of sewage sludge are enumerated below. 

Of evident significance disposal of sewage sludge are the tests 

for specific gravity, moisturib^^hd volatile and fixed solids, together with 
such qualitative observations as color, consistency and odor. Where 
sludge is to be disc^rged into water, the B.O.D. test 3 deld 8 valuable 
information. Other i^ts are of importance when sludge is to be treated 
prior to disposal, v^iil^ng them may be mentioned measurements of 
hydrogen ion couci^^ration, nitrogen in different forms, cellulose, fats 
and composition of sludge ^es. Tests for fertilizer constituents 
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Table 118.—Mineral Analyses of Sewage Sludge 




Results in per cent of sludge dried at .lOCPC. 

Total 

fixed 

solids 

Plant 


SiOt and 
HCl-insolu* 
ble residue 

AitO' 

ai(d 

FeOa 

PiO» 

SOi 

CaO 

MgO 

KtO 

NatO 

Alliance. Ohio..., 


35.S 

8.2 

1.0 

0.0 

1.8 

0.3 

0.4 

2.0 

51.3 

Atlanta Qa. 

Imhoff 

25.8 

18.5 

1.6 

1.4 

3.6 

0.8 

0.5 

1.7 

54.9 

Baltimore, Md... 

Imhoff 

22.5 

6.4 

0.8 

1.0 

2.4 

0.3 

0.2 

1.9 

35.6 

Baltimore. Md... 

Separate 

digestion 

17.7 

3.4 

1.0 

2.3 

1.7 

0.1 

0.5 

0.4 

27.1 

Canton. Ohio.... 

Imhoff 

44.3 

11.0 

1.2 

1.5 

3.0 

0.3 

0.2 

1.7 

64.1 

Columbus, Ohio.. 

Imhoff 

22.1 

4.2 

1.6 

2.2 

4.5 

0.5 

0.6 

0.8 

36.5 

Fitchburg, Mass.. 

Imhoff 


9.0 

1.6 

0.6 

0.8 

0.3 

0.6 

0.5 

61.2 

Houston, Tex.... 

Activated 

sludge 

‘ 42.4 

6.5 

2.2 

0.3 

1.3 

0.4 

0.4 

0.6 

54.1 

Lexington, Ky.... 

Imhoff 

31.1 

6.1 

2.0 

1.0 

5.0 

0.4 

0.8 

0.7 

47.1 

Hoohester, N. Y. 
Brighton plant. 

Imhoff 

68.1 

5.2 

0.8 

0.6 

2.7 

0.5 

0.2 

2.0 

70.1 

Irondequoit 
plant. 

Imhoff 

40.8 

3.6 

0.8 

1.0 

2.5 

0.3 

0.6 

1.2 

50.8 

Sherman, Tex.... 

Activated 

sludge 

9.3 

2.9 

2.8 

1.0 

2.5 

0.2 

0.6 

3.3 

22.6 


Table 119.—Mineral Analyses of Dried Sludges from Chemical 
Precipitation, Plain Sedimentation and Septic-tank Treatment 
AT Worcester, Mass. 



Chemical 
precipita¬ 
tion, per 
cent 

Plain sedi¬ 
mentation, 
per cent 

Septic-tank 
treatment, 
per cent 

Fixed solids... 

52.74 

48.96 1 

56.06 

Silica (Si02).. 

25.46 

28.59 1 

20.41 

Iron sulfide (FeS).. ^. 

1 0 02 1 


16.58 

Iron, not as sulfide. 


1 2.45 1 

2.98 

Sulfur, not as sulfide.'. 



0.64 

Aluminum oxide (AlaOs). 


1.94 

7.29 

Calcium oxide (CaO). 

2.88 1 

0.61 

1.14 

Magnesium oxide (MgO). 


0.29 

0.97 

Phosphorus pentoxide (PaOs). 


1.71 

1.85 

Carbon (C). 

31.26 

23.95 

Hydrogen (H).'.. < 

4.46 

3.64 

Nitrogen (N). 

2.77 

3.05 

3.01 
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finally may be added, when the sludge is to be used for agricultural 
purposes. Mineral analysis of sludge is sometimes undertaken, but 
yields^ information of practical value only under special circumstances 
and for purposes not ordinarily encountered in sewage-works practice. 
T!he determination of grease is sometimes made, to estimate its recovery 
value. 

The composition of the sludge produced by different treatment 
processes in a number of American municipalities is shown in Table 117. 
Mineral analyses of some of these sludges, as reported by Wagenhals, 
Theriault and Hommon (7), are recorded in Table 118. 

Table 119 gives a mineral analysis of the sludge produced at the 
chemical-precipitation plant in Worcester, Mass., together with mineral 
analyses of sludges produced during experiments on plain sedimentation 
and septic-tank treatment. 

UTILIZATION OF SLUDGE 

\ Economic Values in Sludge.—^The constituents of sewage sludge that 
ihave commercial value are: fertilizing ingredients, including nitrogen, 
\phosphorus and potassium compounds, together with humus; fats, 
including those combined as soaps; fuel values, including the calorific 
power not only of the combustible gases liberated during the digestion 
of sewage sludge but also of the sludge itself when burned or subjected 
to" destructive distillation. The fertilizing value and fat content of 
sewage sludge will be discussed in this chapter; the value of the gases 
of decomposition has been noted in Chap. XIV, while the fuel value 
of sludge obtained by burning or destructive distillation is given on 
page 700 of this chapter. 

Fertilizing Ingredients Entering Sludge from Sewage.—A comparison 
6 f Table 117 with Tables 29 to 33 will show that only a relatively small 
^ proportion of the nitrogen content of sewage enters the sludge produced 
by different sewage-treatment methods^. ;thc remainder very largely 
passing off in the effluent. About half the nitrogen in sewage is present 
in readily soluble form and, therefore, will not find its way in appreciable 
quantities into the sludge, unless physically absorbed or assimilated 
by the organisms living in the. sludge. To a large extent, therefore, 
soluble nitrogen is lost in effluent. In addition, some insoluble 
nitrogen will go into soluttoi/as a result of the activities of living 
organisms, and both soluble and insoluble nitrogen may be lost to the 
atmosphere as nitrojiien gas, ammonia or volatile amines. 

For purposes of comparison and reference a summary of typical 
recoveries of nitrogah ih sewage sludge is presented in Table 120. 

Substantial departutes from l^se values are to be expected, as shown 
by referring back' to the figures of actual experience. 
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Table 120. —Nominal Quantities op Nitrogen in Sewage Sludge 
Produced by Different Treatment Processes 


Treatment proceae 



Activated 

sludge 

«n 

Chemi- 

Plain 


1 

Iml^ff 

orsepa- 

Trickling- 

filter 

humus tanks 




cal 

sedi- 

Septic 

rate 

1 



Un. 

di¬ 

gested 

sludge 

Di¬ 

ges¬ 

ted 

sludge 

precipi¬ 

tation 

menta¬ 

tion 

tanks 

diges¬ 

tion 

tanks 

B 

Di¬ 

gested 

sludge 

Dry bolids, lb. per 1000 per- 
aons daily ^. 

226 > 

1 

1«0 

330 

125 

SI 

75 

48 

23 

NitroKen content, per cent. 

4./. 

3 

1.5 

3 

2 

2 

4.5 

3 

Lb.iper 1000 persona daily 

Iv) 

5 

5 

4 

1.6 

1.5 

2.2 

0.7 

Per cent of sewage nitrogen 
ia 8ladge>. 

30 

15 

15 

12 

5 

4 

7 

2 


> See Table 114. 

2 On the basis of 15 Rin. per capita daily or 33 lb. per 1000 persons daily. 


The nitrogen balance in the activated-sludge process has been dis¬ 
cussed in Chap. XXIV. Experimental results obtained by Buswell 
and Neave (12) at Champaign, Ill., and by Pearse and Mohlman (13) at 
the Stockyards testing station in Chicago are summarized in Table 121. 
Attention has previously been called to the fact that the Stockyards 
station was operated with greater unit quantities of air than the CJham- 
paign plant, in order to care for the strong packing-house sewage. This 
may explain the loss of nitrogen experienced. 


Table 121. —Results op Experiments on Nitrogen Balance in. the 
Activated-sludge Process 



Nitrogen, lb. per mil. gal. ^ 

Per 

Per 

cent of 
sewage 
nitrogen 
in sludge 

Test 

Influent 

Effluent 

Sludge 

cent loss 
,(-) or 
gain (+) 

Chicago, Ill.: 






Aug. 1 to Oct. 22, 1916 
Oct. 23,1916 to Mar. 26, 

469 

183 

90 


19 

1917. 

592 

324 

130 

-23 

22 

Mar. 27 to Nov. 14,1917 

380 

161 

85 

-35 

22 

Champaign, Ill.: 






May 3 to pec. 28, 1921 

329 

-247 

88 

+ 2 

27 
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Digestion of activated sludge results in a loss of nitrogen, as is to be 
expected. Rudolfs and Heisig (10), experimenting at Milwaukee, 
recorded a loss of 32 per cent by weight of nitrogen introduced into the 
dig^tion unit, the reduction in solids being 28 per cent. Sludge from 
tridding-hlter humus tanks is generally similar to activated sludge 
in its nitrogen relations. 

Chemical-precipitation sludge, although, owing to the precipitation 
of finely divided solids, commonly including a larger percentage of the 
incoming nitrogen than the sludge produced by any other method of 
treatment, except the activated-sludge process, has a small percentage 
nitrogen content, because the sludge is diluted, so to speak, with the 
precipitant. The Miles acid process, however, yielded experimentally 
a sludge containing 3.3 to 3.6 per cent of nitrogen when applied to the 
strong Boston sewage (14), but only 1.6 to 3.0 per cent for the weaker 
sewage of New Haven, Conn. (2). 

The nitrogen content of primary sludge seldom exceeds 4 per cent 
and generally lies somewhere near 2 or 3 per cent. These values are 
reduced by digestion. Rudolfs (15) reports an average nitrogen content 
of 3.62 per cent for the fresh solids at Plainfield, N. J., which is reduced 
by digestion to 2.70 per cent, a decrease of 25 per cent. His analysis of 
18 digested sludges from 13 American plants yielded an average nitrogen 
content of 2.28 per cent. Generally speaking, the better digested the 
sludge the lower is its nitrogen content, owing to the driving-off of 
nitrogen during the process of digestion. Combining different sewage- 
treatment processes will generally yield additive results on a weight 
basis. 

The phosphate and potash content of sewage sludge is, in general, 
of less economic significance than its nitrogen content. According 
to Brown (16), 

Nitrogen is the constituent most demanded in fertilizers, for it is the first 
element to become deficient in the soil. This is due to its ready conversion 
into ammonium compounds which are ^^>iable and drain away. Potash 
and phosphorus occur more regularly in sufficient amounts than nitrogen, 
and are more stable in soils, cons^uently they do not need as frequent 
application or in as large amounts for average grain, fruit or vegetable 
crops. Thus the application of nitrogen in available form usually produces 
a more direct and favorable i^ujiponse than that of the other two, elements. 
It has been computed that per cent of the money paid for fertilizers 

is paid for nitrogen and about 25 per cent for potash and phosphoric acid. 

Another reason the lower value of potash and phosphates in 
sewage sludge,' hdw:iit^, is the almost negligible quantity of potash 
and relatively smafi, quantity of, phosphates commonly contained in it. 
,A8 shown in Tables ,117 and il8, the potash content as KaO varies 
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from about 0.2 to 0.8 per cent, with no marked superiority of any one 
of the sludges produced by different treatment methods. The phos¬ 
phate content as P 20 i is appreciably greater, varying from about 
0.5 to 4.0 per cent, in much the same manner as the nitrogen content of 
sludges resulting from different treatment processes. 

Availability of Fertili 2 ing Ingredients.—^The analysis of sewage sludge 
for fertilizing ingredients may involv# the determination of the avail¬ 
ability of the nitrogen, phosphates and potash present, as well as their 


Tablb 122.— Analytical Results op the Fertilizing Value op Sewage 

Sludge 


{ 

Type of sludge 

Activated 

Fresh 

solids 

Partly 

digested 

solids 

Fairly well 
digested 
solids 

Reference No. 

Municipality. 

(18) 

Milwau¬ 
kee, Wis.* 

(16) 

Plainfield, 
N. J.^ 

(15^ 

Plainfield, 
N. J.* 

(16) 

Plainfield, 
N. J.^ 


Percentage composition 


Moisture. 

4.08 




Nitrogen: 



3.98 1 


Total. 

6.42 

4.81 


3.66 

Insoluble. 

6.12 

4.14 

3.61 

3.41 

Soluble. 

0.30 

0.67 

0.37 

0.14 

Active insoluble.| 

( 4.41') 

J 3.22*5 

2.98 

1.89 

1.57 

Inactive insoluble. 

( 0.71>( 

1 1.90M 

116 

1.71 

1,84 

Availability of insoluble 

586.1* ) 

72.0 

62.3 

46.1 

nitrogen 

<62.9* 5 




Phosphoric acid: 

1 




Total... 

3.08 




Insoluble. 

0.66 




Available.. . 

2.43 




Either extract.. 


16.11 

7.79 

6.83 

Crude fiber. 


6.01 

6.66 

^ 6.60 

Ash. 


26.70 

37.90 

42.62 

-.— 


i Neutral permanganate. 

* Alkaline permanganate. 

* Composite sample representing 145 oarloads of Milorganite shipped Feb. 1 to Sept. I* 
1W7. 

* Sample shows high initial nitrogen content. Average content of Plainfield sludge is 
8.62 per cent for fresh solids and 2.70 for digeiled sludge. 



















Bartow and Hatfield (20).eojBiment as follows: 

These results show that the nitrogen in activated sludge is more easily 
nitrified, und6r the 0oiiditions of these experiments, than that in dried 
blood, high-grade tan^o, fish guano, cottonseed meal and goat manure; 
but that it is not sQriiyailable as that of septic and Imhoff tank sludges. 
The experiments wit^f:Wheat in pot cultures using activated sludge, dried 
>lobd and other atomoniates, reported by us in 1916 and later in this thesis, 
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confirm the above comparison between dried blood and activated sludge. 
On the other hand, we have obtained much better results with activated 
aludge than with Imhoflf and septic tank sludges. [See Table 124.] 


Table 124.— Results of Experiments on tue Use of Sludge as 
Fertilizer, ^916 



Quantity used | 

Bushels of wheat per acre 

Tons of straw per acre 

Fertiliser 

Grams 

i 

Tons 
per acre 

Yellow 

soil 

White 

soil 

Brown 

soil 

Yellow 

soil 

i 

White 

soil 

Brown 

soil 

Oherk. 

0 I 

0 

: 16.7 

17 0 

30.6 i 

1.1 

1.5 

3.0 

Imhoff sludge. 

244 

19.5 

' IS. 8 

13.5 

21.3 

1.9 

1.6 

4.0 

Beptie-tank sludge .. 

147 

i 

23.8 

22.3 

27.3 

2.7 

2.5 

4.6 

Activated sludge. 

49 

^1.9 

33.8 

27.4 

41.e 

3.2 

3.3 

5.1 

Dried d>lood. 

Milwaukee activated 


‘1.2 

15.6 

17.0 

41.4 

1.1 

1.6 

6.0 

sludge*. 

47.26 ! 

3.8 

14.5 

16.8 

27.3 

1.9 

1.6 

3.0 


• Reeulta not comparable with others because of late planting. 


In addition to the fertilizing constituents of sewage sludge, its physical 
condition is an essential factor in its usefulness as a fertilizer. Thus 
Bach and Frank (21) have shown that the grease and fibrous material 
in fresh sludge render the soil fertilized with sludge impervious to rain. 
This is not desirable. Digested sludge, on the other hand, is not so 
fibrous and contains less fat, which, furthermore, is finely divided, and 
uniformly distributed through the sludge, leaving it porous. .Bartow 
and Hatfield (17) concluded from crop-culture experiments that the 
fats in activated sludge, too, are finely divided and uniformly dis¬ 
tributed, so that extraction of grease in preparing activated sludge for 
fertilizer use is unnecessary. 

In Bartow and Hatfield’s experiments activated sludge that had 
been acidified, dried and extracted gave much better results than 
untreated sludge. These workers expressed the opinion, however, 
that this was due to a beneficial change in the nature of the sludge 
brought about by'^^ttie acid treatment, rather than to the removal of 
the fats. 

Of further importance in considering the fertilizing values in sludge 
are the nature of the products of decomposition of the fertilizing con¬ 
stituents, the availability of the constituents with respect to the period 
of growth and the presence of organic matter which will support a 
favorable bacterial flora. These factors are gaged best by crop culture. 
In America, important experiments pf this kind have been conducted, 
especially rinoe the introduction of the activated-sludge process, by 
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Bartow and Hatfield (17) (20) at Urhana, Ill.; Nasmith and McKay (22) 
at Toronto, Ont.; Brown (16), also at Toronto; Hatton, Kadish and 
their coworkers (18) (23) at Milwaukee, Wis.; Pearse and others (24) at 
C!hicago, Ill.; Jareo and Domogalla (26) at Madison, Wis.; and Keefer 
and Anneling (26) at Baltimore, Md. 

Bartow and Hatfield’s experiments (17) were conducted on pot and 
plot cultures during the years 1915-1917. Several types of sludge were 
employed, but chiefly activated sludge. Their observations are sum¬ 
marized by them as follows: 

In the pot culture experiments of 1915, activated sludge was found to be 
superior to dried blood, gluten meal, and inorganic nitrogenous fertilizer, 
when applied to sand. In garden experiments of the same year, activated 
sludge produced a still larger increase in the growth of lettuce and radishes. 

Pot experiments using three types of soil fertilized with septic tank 
sludge, Imhoff sludge, activated sludge and dried blood proved that sewage 
sludge has a fertilizer value and that activated sludge nitrogen again gave 
better results than dried blood nitrogen. Experiments on another type of 
soil showed that 1.5 tons of activated sludge gave the best result in growing 
sweet com. Garden experiments in 1916 produced an increase of 71 per 
cent in weight of cucumbers due to activated sludge. 

Sand cultures in 1917 showed that, in sand, applications of dried blood 
greater than one-half to three quarters of a ton were toxic to wheat. Increas¬ 
ing the application of activated sludge on gray silt loam did not prove toxic 
to tfie growth of foliage, though in applications greater than one to two 
tons, it decreased the yield of grain. 

The application of sewage sludges the second year to yellow silt loam did 
not prove toxic but did not give as large a yield as was obtained the year 
before. The addition of phosphorus to the white silt loam proved that 
phosphorus was the limiting element in this series; activated sludge being 
the only fertilizer which produced a better yield than the check pot. 

Garden experiments in 1917 proved that both wet and dried activated 
sludges were valuable as fertilizers, the wet sludge giving better results. 

Nitrogen in activated sludge is prest^qt largely in the form of nucleo‘ 
protein nitrogen and its hydrolytic prc»ductB, which have been shown to be 
beneficial to plant growth. I^>t cuiture experiments show that sodium 
nucleinate^ is readily available to the plant and that uric acid, though it is at 
first toxic, in time is nitrified or decomposed so that its nitrogen is also 
available. Egg albumin wiM^ ^hly toxic to young wheat plants, showing 
that the intermediate hydfu|^o products of albumin are toxic. Activated 
sludge which had been aoimned gave much better results than unacidified 
sludge. This is probably due to some hydrolysis taking place in drying the 
acidified slhdge. 

Good results arej^tained yirith dried blood if the application is in small 
enough amounUrt^^i^he concentration of toxic substances is low. 

I Utkin Is i of the aMsi of eU calls. It oontaiDs phosphorus, nitrossn ead 

sulfur. * * 
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The work at Baltimore dealt with sludge from settling tanks preceding 
and following trickling filters, the sludge being more or less digested in 
separate digestion tanks. Less than 2 per cent of the sludge came from 
t^e humus tanks. The air-dried sludge contained 65 to 70 per cent moisture, 
50 to 65 per cent volatile matter and 5 to 6 per cent sand. A typical analy¬ 
sis of the sludge shows 1.8 per cent N, 0.5 per cent P 2 O 6 , 0.2 per cent K 2 O 
and 9,8 per cent fats. Experiments were carried out on plot cultures from 
1923 to 1926. The results obtained are shown graphically in Fig. 195 (26). 
The customary method of indicating the fertilizing constituents of the 
mixture employed is used in these diagrams. For example a 5-8-5 fertilizer 
contains 5 parts of ammonia, 8 parts of phosphoric acid as P 2 O 6 and 5 parts 
of potash as K 2 O. Keefer and Armeling draw the following conclusions 
from the Baltimore studies: 

1. Neither wet nor air-dried sludge was detrimental to the land. On the 
other hand, they contributed fertilizing substances to the soil and increased 
the yield of the six crops planted. 

2. Air-dried sludge, when applied in amounts of 20 tons per acre, gave 
better results than did 40 tons of wet sludge per acre except when used to 
fertilize sugar com. Such was to be expected, since, volume for volume, 
the former material contained from three to five times more nitrogen as 
^monia than the wet sludge. 

3. Spinach and tomatoes responded least to the use of air-dried sludge. 

4. Of the six crops planted, white potatoes, cabbage and sugar com 
thrived .best. The increase in yield of sugar corn was particularly noticeable. 

: 6. The results obtained with com and cabbage indicated that sludge con¬ 
tinued to give plant food to the soil during the second year after its applica¬ 
tion. No corresponding observations were made for the four other crops. 

Fats in Sewage Sludge. —The quantity of ether-soluble matter in 
sewage and sewage sludge depends greatly upon the nature of the 
community and its industries. Different processes of sewage treatment, 
furthermore, include somewhat different proportions of fats in the 
sludge, as may be seen from Table 117. The greatest inclusion of fats 
in the sludge is apparently associated ^with the precipitation of the 
sewage solids by an acid such as '4 or by SO 2 gas which hydrolyzes 
as H 2 SOJ. Thus Pearse (27) reports the following removal of ether- 
soluble matter from sewage by different sedimentation processes: 



. Imhoff 
4ink 

Dortmund 

tank 

Chemical 

precipita¬ 

tion 

Acid 

precipita¬ 

tion 

Ether-soluble matter in in¬ 
fluent, p.p.m...... • 

157 

157 

157 

135 

Bemoval, per center. ^. A... 

55 

47 

66 

69 

Fat retention in sllkj^, and 
scumi lb. per gal.... 


618 

866 



i Not diflMtod. 
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Higher removal of fats by acid precipitation is reported by Dorr and 
Weston (28) in experiments at Boston, the ether-soluble matter in the 
sewage representing 303 lb. per mil. gal. and in the sludge 430 lb. per 
mil. gal. This increase is attributed to the decomposition of soaps 
by the acid. At New Haven, Conn., Winslow and Mohlman (2) 
record a removal of approximately 100^ r cent. 

Rudolfs (15) has shown that the ether-soluble matter in sewage sludge 
is greatly reduced by digestion. For Plainfield, N. J., sewage sludge 
he gives percentage values of 15.11 for fresh solids, 7.79 for partly 
digested solids and 6.83 for fairly well digested solids. The reduction 
in the weight of grease remaining in the sludge per million gallons of 
sewage treated is naturally even greater than represented by these 
figures. Neave and Buswell (29) have shown that the destruction of 
grease is greatest during acid digestion but remains appreciable also 
during alkaline digestion of fresh sewage solids. For activated sludge, 
Rudolfs and Heisig (10) record a percentage grease content of 6.29 in the 
activated sludge employed in their digestion experiments at Milwaukee 
and of 5.09 in the digested material. This difference represents, for 


East St. sewer 


Analysis 
of dried 
I degreased 
I sludge 


Grease 

analysis 


i 


Analysis 
of dried 
sludge 


Percentage composition 


Boulevard 

sewer, 

greasi' 

analysis 


1 

Moisture.' . 


! 28 


Tankage^. 



46 


Nitrogen as N. 

3.91 




Phosphoric acid as P20ji 

0.96 




Ash. 

51.88 




Oreime 

, 


24 


Moisture and volatile 





^matter. 


11.0 1 

0.5 

Unsaponifiable inati^rial.. 


21.1 


15.7 

Free fatty acids, by 





weight. 


40.2 

.. 

41.5 

Rosin. 


14.4 



Actual free fatty acid 


, 25.8 



Neutral grease. 


: 22.3 



Insoluble- and metallic 





soap. 


3.3 


1.3 


> "Tankage” ig used here to mean the dried material in the sludge, other than greaae. 
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the digested sludge, a reduction of 36 per cent in the weight of grease 
in the fresh sludge. 

The composition of grease extracted from sewage sludge was studied 
by Winslow and Mohlman (2) at New Haven. Miles acid sludge, 
analyzed for these workers by Wells/ yielded the results as shown in 
the table on page 685. 

Monetary Value of Fertilizing Ingredients and Grease in Sewage 

Sludge. —The advisability of preparing sewage sludge for the market 
depends upon whether or not the fertilizer and grease obtainable possess 
sufficient value to pay the cost of recovery, including maintenance of 
plant, interest and depreciation on equipment and the cost of marketing 
the products. Fluctuations in market prices, governed by the law 
of supply and demand, also require consideration before a large invest¬ 
ment is made in a recovery plant. 

The monetary value of organic nitrogen fertilizers is commonly given 
in terms of nitrogen, an average figure being 20 cents a pound. The 
phosphate content of fertilizers as P 2()6 is commonly valued at 3.5 cents 
a pound and the investigations at New Haven of the value of sewage 
grease led Winslow and Mohlman (2) to the adoption of a value of 
5 cents a pound. 

In utilizing sludge, the full value of the fertilizing ingredients and 
grease cannot be made available. There will bo losses, especially in 
the recovery of grease, which wall tend to reduce the return actually 
derived from the sludge below the theoretical return. A return from 
the recovery of grease can be expected only in exceptional cases. 

The fertilizing value of sewage sludge was summed up as follows by 
the Metropolitan Sewerage Commission of Ne\v York in 1914 (30): 

In a general way it may bo said that \indor favorable conditions as to 
transportation, a sludge containing 50 per cent moisture, wdioso dried 
material contains 3 per cent of ammonia and hiss than 10 per cent grease, 
might be further dried, ground and sold ns a filler for fertilizer with some 
slight profit in the case of large works; bn. that no other than an occasional 
and uncertain offset to a part of the cost of operation can be looked for, even 
under favorable circumstances, from the sale of sludge in the form of crude 
cake or containing over 30 or 36 per cent of moisture. 

Experience during the ye«<rs that have elapsed since this statement 
was made does not seem hAve changed the ideas of engineers mate¬ 
rially, although the introduction of the activated-sludge process has 
greatly stimulated interest and practice in securing monetary returns 
from sewage sludge. 

With reference to grease Winslow and Mohlman (2) state as follows: 

The usual limit for unsapom^fl'hle matter in grease to be used for soap 
making is about 6 per cent, and unless grease containing 10-20 per cent of 
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mat6rial of this kind could be economically distilled it could be used only as 
wool grease, which is worth half as much as garbage grease or 5-6 cents a 
pound according to the high prices of 1918. Samples of sludge obtained 
from the New Haven sewage were submitted to Colgate aud Company ^nd 
tlie Cobwell Corporation of New York and to Swift and Company and 
Arinoiir and C’ompany of Chicago and tlu^ chemists of all these concerns, 
after extracting the grease and studying it, were of tlu* opinieri that in its 
crude state the material was of practically no value to a soap-maker. If 
such grease is to be utilized it. must }>e first freed from its impurities by 
distillation. 

Present Status of Sludge Utilization in America. - The marketing, 
on a commercial scale, of senage sludge as a fertilizer as yet has beei: 
carried on by only a few .sewcge-Ueatment works, notably Milwaukee, 
Wis., and Pasadena, Cal. \ larger number of plants, however, have 
been successful in <Teating a local demand for partially or completely 
dried sludge and is socurng some revenue from this source. 

In the countiy as a whole, the agricultural us(^ of sewage sludge 
has not been developed extensively. This is clearly ihowii in Table 
^ J6, which presents a compilation of available data on sludge use. 
There is at present no municipal installation in which grease is being 
rejcovercd from sewage sludge. 

The cxporiorice of a number of different plants, both large and small, 
will illustrate the status of sludge utilization. 

fmhojf Sludge .—Keefer and Armeling (26) have summarized as 
follows the experience with sludge utilization at Baltimore, Md.: 

For the first few years after 1912, when the Baltimore sewage-works was 
put in operation, the disposal of the sludge was a question of little impor- 
taivce. The sewage flow was small, and there was sufficient capacity in the 
digestion tanks to retain tlie sludge for many months. Some of the material 
in both the w(*t and the <lry forms wa.s sold lo neighboring farmersl The 
remainder, a small amount, was tised fi)r filling low-lying ground at the 
plant. By 1915 it became appanait. that sonu^ definite means should be 
adopted to dispose of the sludge. A contract was therefore made with a 
reduction company, which erected a plant at the sewage works. From 
1916 to the early part of 1923 it heat-dried a portion of the sludge and sold it 
as a filler for fertilizer (38). Since 1923 the jiriucipal method of disposal 
has been to give it to neighboring farmers. They haul it to their fields in 
trucks and wagons, which arc loaded by means of a 5-ton locomotive crane. 
Efforts are oontinuall.v being made to stimulate the farmers interest in the 
use of this material. 

For the live-year period from 1923 to 1927, 100,000 cu. yd. of sludge was 
removed from the drying beds, of which amount 45,000 cu. yd. was given 
away for fertilizing purposes. During the past three or four years consider¬ 
able quantities of sludge have been \jsed on the lawns at the sewage works. 
About 10 tons (9 cu. yd. per acre) is distributed over the ground in the early 



125.- Use of Sewage Sludge in Amebi(:an Municipalities 



Pasadena, Cal. 1930 Activated sludKe | Dried to4moisture 2,879 tons Sold to consumers $63,000 ^33) 

Rochester, N. Y. 1929 Imhoff tank : Dried on beds to 57% 6.904 cu. yd. 1,281 loads sold $640.50 (34) 

j moisture 

Schenectady, N.Y.l 1930 j Imhoff tank, trickling Dried on sludge becLs 3.320 ou. yd. Sold to farmers 25ff a load (35) 





















UTILIZATION AND DISPOSAL OF SEWAGE SLUDGE 689 


winter. In the spring that which remains is disintegrated by hauling a 
lapboard drag over the lawns. Applied in this quantity, the total output 
of air-dried sludge, amounting to about 20,000 cu. yd. annually, would 
fertilize 2200 acres. This method of treating lawns has been so successful 
that a considerable quantity of the sludge is used in the city parks and at 
the water-works filtration plant. Since %n. 1,1928, more than 8000 cu. yd. 
has been hauled a distance of 8 miles iit a total cost of 95 cents a cubic yard 
to two city parks, where it has been spread over denuded ground to take the 
place of top soil. 


Tatlock (6) has reported upon the preparation and sale of Imhoff 
sludge for commercial fertilizer at Da 3 rton, Ohio. 

Some of the sludge is dried to 10 to 15 per cent moisture on glass- 
co/ered beds. A liammer irill, equipped with a cyclone blower and 
sacker, was purchased ior grinding and bagging the dried sludge. 
With the aid of secowl-hand equipment, a drying plant was built 
with a capacity of 1-1?^ tons an hour, taking sludge at 40 to 45 per cent 
moisture and turning it out at 8 to 10 per cent. The c'^.pital investment 
was $1009.78. 

The retail price of the sludge is $1.00 per 100 lb., or $15.00 per ton 
in lots of 1000 lb. or more. The wholesale price to agents is $8.50 per 
ton, subject to 5 per cent discount in 30 days. The total sales to 
May 10, 1932, were $4793.35 for 475 tons. The cost of production was 
made up as follows: maintenance and supplies, $1789.50; labor, $1566.68; 
total, $3356.18. An additional cost of removing sludge from the 
beds of $471.60, if included, would bring the total operating cost to 
$3827.78. ^ 

Tatlock states that there have been large repeat orders from tobacco 
growers who found their 1931 crop, fertilized with Dayton sludge, to 
have the qualities looked for in a high-grade tobacco, resulting in its 
sale at a premium. 

Experience at the Irondequoit treatment plant in Rochester, N. Y., 
with the utilization of Imhoff sludge for fertilizer after dewatering on 
drying beds is reported by Ryan (34) as follows: 

The dried sludge has a ready sale, particularly during the fall and winter 
months. It is hauled for distances of fifteen miles. . . . The sludge is 
applied to the greens and fairways of local golf courses and as a top dressing 
for lawns. Nearby fruit growers purchase a large quantity each season 
and state that its use increases the yifld of fruit, the sludge being spreati 
only around the trees. During the winter months, truck gardeners haul the 
sludge and spread it on their fields. In the spring it is plowed under the 
surface. The j^ardeners claim it is an excellent fertilizer for com, celery, 
(cabbage and bean crops; in fact, for any vegetable which grows above 
ground. 
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Data on the revenue from sale of sludge at Rochester during 1929 are 
included in Table 125. 

Browne (32) records his experience at Marion, Ohio, as follows r 

Imhoff sludge is sold as it is removed from the drying beds or sludge dump, 
and from a pit in which the sludge weathers to something like leaf mold, at 
$2.00 per cubic yard at the plant site, or $4.00 per cubic 3 "ard delivered in 
Marion. When dried to about 5 per cent moisture on the drying beds, 
ptilverized and sacked, it is sold at $1.15 per 100 lb. or $20 per ton in small 
lots, and correspondingly lower prices for larger lots to a minimum of $14 
per ton. 

Several golf clubs have used the fertilizer on fair-ways and greens with 
considerable success, florists and truck gardemers have found it a valuable 
addition to existing garden soils, and it has been used by residents of Marion 
as a turf starter or for accelerating the growth of lawn grass with equal 
success. However, the market is limited pretty well to the immediate 
vicinity of Marion or those communities that have no sewage plants, as 
every sewage plant treating domestic sewage is a possible source of a low 
grade fertilizer for its own vicinity. Newspaper advertising and the seletv 
tion of demonstration plots in locations that were easily observed by 
passers-by informed the public of the value of Marion sludge as a substance 
supplying both plant food and organic matter, so that at the presemt tiiiu^ 
repeat orders for sludge are frequent. However, attention is directed at 
present towards selling the entire output of pulverized sludge to fertilizer 
mixing plants as a filler for more concentratcKi fertilizers in place of sand 
or bean meal. Used as such, sludge supplies the extra bulk needed and also 
organic matter in place of inert sand. 

At Schenectady, N. Y,, Cohn has been successful in interesting farmers 
in the agricultural utilization of Imhoff sludge. In 1932 he made the 
following report (39): 

The sale of sludge becomes more active from year to year. The past 
year is the ninth consecutive year in wdiich all sludge produced has been 
disposed of to fanners and local householders. This year the storage piles 
in the fields were all cleaned up bj" the en?! of September, due to an unpre¬ 
cedented heavy demand starting in August. From that time on, the 
purchasers obtained sludge from the dr,ying beds, being loaded by our crew^ 
when they w^ere working there and loading themselves when the men were 
not assigned to cleaning. 

It was possible to discpiitmue the use of the city team for several weeks 
during the middle of the season and a full month earlier than usual in the 
fall. During this time, sludge has been removed by the farmers at an 
important saying to the city in labor and team hire. In addition, the sale 
of sludge at rates of from 25 cents to 75 cents per load, depending on size, 
netted the city over $200. 

Sludge is being used successfully on all types of crops, on lawns and 
fiowor beds. The largest individual sale was 100 loads to a cemetery for 
grassing sandy soil. All customers still receive handbills, w^arning that 
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sludge'be kept from all crops that grow in or on the ground and go to the 
table uncooked. 

The Canton, Ohio, sewage-treatment plant is located on a municipal 
farm comprising nearly 600 acres of rolling land, 200 acres of which are 
cither wooded or too rough to permi^^ of economical cultivation (31). 
The farm is operated as a part of the sewage-treatment program, for 
the express purpose of providing a means of disposing of the sewage 
sludge. The treatment plant is of the Imhoff-tank, trickling-filter type, 
serving a population of about 100,000 in 1930. 

The wet digested sludge from the Imhoff tanks is pumped through a 
force main, terminating in the top of a knoll approximately 300 ft 
above the surrounding territory. From this high point the sludge flows 
in open ditches to li.dds as niuch as two miles distant. The sludge is 
spread out over the land oy overflows from the ditches. Experience 
has^hown that btvt resul-s are ol)tained if the acreage is fertilized every 
four or five years. The city farm, together with the farms of abutting 
proj^erty owners, who desire sludge to enrich their acreage, apparently 
provides adequate area for the disposal of all the wet sludge produced. 
The common crops raised are wheat, corn, oats, hay and potatoes. 

Sltuige from Separate Digestion Tanks .—The utilization of digested 
primary sludge at Grand Rapids, Mich., is described by Rumsey (37) 
as follows: 

Sludge (;ake, ground, dried, screened and bagged, is sold under the name 
of ‘^Rapidgro,^’ as a low-grade organic fertilizer and soil builder. It was 
marketed this i)ast season to the extent of about 990,000 lb. in 110-lb. bags, 
of which abcnit 90 per cent was sold at retail to about 3000 Grand Rapids 
citizens. 

Tn 1932, 56 tons were furnished the Park Department, 22 tons were 
experimentally used at the airjmrt, and about 100 tons were used on our 
own property. 

The production cost for the past year amounted to $1575.51, and was 
distributed as follows: payroll $842.99, bags $453.67, delivery books and 
postage $133.78, machinery and repairs $133.88, and miscellaneous expense 
$11.19. Receipts for the year amounted to $4331.16, and with an inventory 
of $3000 the net return to date is $5755.65. 

Our price for 1931 and up to September 15, 1932, was 50 cents per bag 
of 110 lb. It was tlum (^hanged to 65 cents per bag delivered, 55 cents per 
bag at the plant, $10.00 per ton in ton lots and $9.00 per ton in 5-ton lots 
or more. 

Wo an^ now rebuilding the equipment in the fertilizer plant to double 
our output, bringing it up to about lOOO tons per season, which is approxi¬ 
mately one third of the total sludge cake available per year. 

Activated Sludge .—AVhereas Imhoff and othet sludges resulting from 
plain sedindentatiou have found only a local agricultural use, activated 
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sludge is being marketed as a fertilizer on a truly commeraial soale at 
Milwaukee, Wis., and Pasadena, Cal. 

At Milwaukee, Hatton, Kadish and Heisig (40) report experience 
with the sale of dried activated sludge as a fertilizer as follows: 

The approximate gross return for the Milorganite has been between 
$15.00 and $16.00 per ton of 2000 lb., which includes the phosphoric acid 
{P 2 O 5 ) in the mixture. Milorganite contains from 6.6 to 7.0 per cent of 
Ammonia (NHs), and from 2.25 to 2.75 per cent of available P 2 O 5 . The 
manufacturer buys it upon the basis of units of NHj and p20fi it contains. 
The other customers buy it by the ton regardless of the ingredients. 

In order to show the relative use of this material, the following sales 
analysis is here given; 


User 

1 

Tonnage* 

Percentage 

Fertilizer manufacturer. 

10,080 

80 

Special markets i 

Golf courses and florists.... | 

2,150 

1 ■ 

Ix)cal sales 

Lawns and gard<»ns. 1 

; 370 

1 

^ 3 

1 - 


Total. i 12,600 j 100 


' Shipments Jan. 1 to Sept. 1, 1927. 

The quantity and character of the Milorganite produced during 
1928, 1929 and 1930 are given in Table 126. The average revenue from 
its sale during 1930 was $16 a ton. 


Table 126 — Milorganite Produced at Milwaukee Sewage-treatment 

Plant 



1928 

1929 

1930 

Tons a day, average. 

88.4 

95.6 

98.5 

Tons a year. 

32,350 

34,900 

35,960 

Moisture, per cent. 

2.97 

3.97 

3.87 

Ash, per cent. 

30.53 

33.47 

32.89 

Nitrogen as NHa, per cent... 

6.83 

6.29 

6.46 

Ether-soluble matter, per cent. . 

6.08 

6.08 

6.46 


During the latter part of 1930 certain industrial wastes, such as acid 
pickling liquors, were diverted from the Milwaukee sewers, because of 
their destructive effect upon the sewers. As a result, the proportion 
of nitrogen in the Milorganite during 1931 was somewhat greater than 
during the three preceding years. 
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At Pasadena, during the period from July 1 to Sept. 30,1928, 64£ tons 
of dried sludge were produced, an average of 7 tons a day (41). The 
revenue from the sale of the sludge as a fertilizer was $25.25 a ton. In 
1930, 2879 tons of fertilizer were produced, an average of about 7.9 tons 
a day, for which the city received about $22.00 a ton. 

Hygienic Considerations in Sludge Utilization and Disposal. —The 
disposal of sewage sludge and, more particularly, its use for fertilizing 
purposes raise the questii)n of the danger of spreading typhoid and 
other diseases by this means. Tests by Kligier (42) showed that the 
typhoid bacillus may survive in solid feces for about 10 days and in 
liquid feces for about 6 days. In moist soil the time varied from 30 to 
70 days, depending on the pH value of the soil, being shorter for acid 
soils than for alkaline ones. In dry soil the viability was reduced to 
20 days and the time of sn-vl val in se])tic tanks varied from 5 to 14 days. 
Other intestinal bacteria were shown to be less resistant. 

Some of Kligler’s con(4usions follow: 

It would appear, then, from these experiments that he gram-negative 
bacilli of the typhoid-dysentery group die out rapidly in septic material 
The typhoid bacillus may survive for about five days, the Flexner type of 
dysentery about three days, while the Shiga bacillus succumbs most rapidly. 
If the alkalinity of the fluid is low, in other words, if the tank is not “ripe,” 
the organisms may survive for a much longer period. The germicidal power 
of the effluent from a ripe tank is probably due both to the alkaline reaction 
and U) the prcscmce of the antagonistic products of metabolism. 

It would seem that the speed with which typhoid and dysentery bacilli 
die off in soil would depend on a number of factors. Chief among these are 
the moisture content and reaction of the soil. The nature and abundance 
of other flora might play a secondary part. The important fact is that in 
dry or acid (moist or dry) soils most of the pathogenic bacteria would die off 
within ten days. 

Other investigators have reported that the typhoid bacillus survives 
for much longer periods in soil. Wolman (43) comments on this 
matter as follows: 

The literature dealing with the viability of typhoid fever bacilli and 
similar organisms in sewage is extensive but not altogether in complete 
agreement. Prof. C. W. Stiles of the Hygienic Laboratory of the U. S. 
Public Health Service has kindly supplied me with a very complete bibli¬ 
ography of experimental work upon the life of typhoid fever in sewage and in 
soil. This bibliography covers almost ninety references. As a result of 
the experiments noted in this bibliography, it is reported that Bacillus typho¬ 
sus has been recovered in varying forms of human sewage in anywhere from 
6 hr. to 366 days, and in various characters of soil in anywhere from several 
to 640 days. It is pertinent to comment upon these findings that all of the 
studies which report a survival of typhoid bacillus of more than one week 
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were carried out prior to 1912 or more than 11 years ago. Most of the 
determinations were performed by investigators more than 20 years ago. 
These facts are pointed out at this point, since they have considerable to do 
with the emphasis which should be placed upon such findings, because of the 
improvements in methods of differentiation of pathogenic organisms during 
the last decade or two. The long period of survival noted above may also 
be questioned when it is found that more recent experimental evidence 
shows that the life of such organisms as the typhoid fever bacillus, under 
the unsatisfactory influences usually found in digesting shidge, is well 
below those indicated by some of the earlier investigators. 

A study of available data indicates, as would be expected, that, 
generally speaking, fresh solids are more dangerous than well digested 
sludge and wet solids more so than partially dried solids. Dry solids 
seem to be relatively safe and heat-dried solids entirely so. Hygienic 
considerations require, therefore, as in the case of sewage farming, that 
sewage sludge, except, perhaps, heat-dried sludge, should not be brought 
into contact with produce which is consumed without cooking. 

Wolman (43), after reviewing the information on the hygienic aspects 
of sludge utilization, proposed the following regulations for the disposal 
of wet sludge to farmers for fertilizing purposes, at the Baltimore, Md., 
sewage works: 

1. Only such sludge shall be delivered to farmers as has been umhirgoing 
digestion for at least ten days. 

2. The wet sludge shall be carted in vehicles that are watertight. 

3. Sludge shall be used on ground only before crops are planted. It 
shall not be sprinkled over or brought in direct contact with growing 
vegetables. 

4. A permanent record shall be kept by Baltimore city of all persons 
obtaining wet digested sludge, date, location of farm and quantity of sludge 
taken. 

5. The city reserves the right to discontinue at any time the distribution 
of wet sludge to any farmer. 

6. Any person found violating any of the above regulations shall not be 
allowed to take wet sludge from the disposal plant or to obtain it in any 
other manner. 


FINAL DISPOSAL OF SLUDGE 

Generally speaking, there Me two broad methods of final sludge 
disposal which correspond to the disposal of liquid sewage by dilution 
and irrigation. They are disposal in water and disposal on land. 
Dewatering may or may not precede final disposal. 

Disposal in Water, —The disposal of the sludge of sea-coast towns 
by carrying it out to sea and dumping it in deep water is practiced by a 
number of cities in the British Isles, notably London, Manchester, Dublin, 
Southampton and Glasgow. In this country, the city of Providence, 
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R. I;, and the sewerage district of the Passaic Valley, N. J,, comorm 
to this practice and plans for the WardH Island treatment works of 
New York City and for the plant at Elizabeth, N. J., to serve twelve 
municipalities call for its adoption. Treatment of the sludge prior to 
disposal is not essential, except for the purpose of reducing the volume 
to be handled. 

At Providence, the sludge from chemical-precipitation tanks has been 
treated with lime and dewatered to a moisture content of about 75 per 
cent. The sludge cake is placed in a double-bottom scow which has a 
capacity of 850 cu. yd. and is towed to the disposal area about 14 miles 
from the plant. During 1928 the Providence plant produced 21 m.g. 
of wet sludge from 13 m.g.d. of sewage contributed by a population of 
248,000. The filter, presses delivered 20,668 tons of cake containing 
5167 tons of dry solids. 

According to the 1926' report of the Passaic N'alley Sewerage Com¬ 
missioners, the sludge settling in the hoppers of plain-sedimentation 
tanks at Newark, N. J., is discharged through 2000 ft. of 20-in. sludge 
main into sludge barges at Newark Bay front. The barges are then 
.owed out to the disposal area at sea designated by the Federal govern¬ 
ment and located five miles southeast of Ambrose Lightship and eight 
iiiiles southeast of Scotland Light. The report states: 

The amount of sludge discharged at sea averages 3000 tons per week in 
winter, spring and fall months, and 5000 tons per week during the hot 
weather. 

The work is done under yearly contract and at the present time is costing 
$0.34 per ton of sludge taken from the Commissioners’ bulkhead at Newark 
Bay. 

The location of the sludge-dumping grounds is shown in Fig. 196. 

The Wards Island project of New York City contemplates the follow¬ 
ing arrangements for sludge disposal (44) : 

Excess activated sludge . . . will be delivered by tlie pumps to four main 
sludge-storage tanks on the dock, each with a capacity of 45,000 cu. ft. 
These tanks will be of steel, of suspension coal-bunker type. Each tank 
will have provision for decanting the supernatant liquid. Besides the sludge 
tanks there will be two 6000-gal. tanks for receiving the grease and skim- 
mings from the presedimentation tanks. All six tanks will be arranged to 
discharge by gravity into ocean-going sludge boats. 

The boats for sea disposal of sludge w ill be three in number (unless one is 
cut out on account of the fertilizer plant, in case that is built). Each boat 
will have a capacity of 1500 tons and will be 260 ft. long, 431^2 ft. beam and 
have a molded depth of 16 ft., and draw 11 ft. of water when loaded. Each 
boat will have twin screws driven by two 600-hp. diesel engines. 

Assuming 90 per cent removal of suspended matter, there will be about 
140 tons daily of dry solids for disposal. It is estimated that of this 60 tons 
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(dry basis) will be from presedimentation tanks. This will have about 
96 per cent water content, making 1200 tons on a wet basis. As this will be 
low in organic nitrogen, it is considered best to send it to sea, regardless of 
whether or not the fertilizer plant is built. The sludge potentially available 
for fertilizer will thus amount to 80 tons a day. The report recommends 
that the fertilizer plant with a capacity of 50 tons a day be built—appar¬ 
ently meaning 50 tons of finished product after the addition of chemicals 
to the sludge. 



Fig. 196.—^Location of sewage-diffusion area and sludge-dumping grounds of 
Passaic Valley sewerage system. 

Potter (45) reports the method of sludge disposal proposed for the 
Joint Meeting plant at Elizabeth, N. J., to serve 12 municipalities, to 
be as follows: 

Ultimate disposal of sludge at sea is t j be adopted. Barge loads will be 
in the neighborhood of 3000 tons whicli, for the early years of operation, will 
represent about two weeks^ sludge accumulation. Sludge-storage tanks 
will provide a capacity of about 150 per cent of a barge load to provide for a 
possible interruption of barging service and to assure the economy possible 
only with a full loading of the barges on each trip. The tanks will be 
provided with proper decants won valves and equipment. 

At the East St. sewage-treatment plant in New Haven, Conn., sludge 
produced by plain sedimentation is stored in four steel tanks, similar 
to those planned f(*^ the Wards Island plant, before being barged to sea 
for disposal. 

At Cleveland, Ohio, Imhoff sludge is pumped into Lake Erie, and 
several American communities discharge sludge into inland streams 
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when they are in flood. Among the treatment plants following the 
latter practice may be mentioned the plant at Sherman, Tex., and 
the Peachtree Creek plant at Atlanta, Ga. 

Disposal on Land. Wet sludge is disposed of on land by flowing it 
on to the land, running it into trenches that are covered after being 
filled, or discharging it into lagoons. The latter may he used for 
temporary or permanent storage of sludge. Dried sludge, commonly 
press cake or air-dried sludge, may be used either for filling waste or 
low-lying areas or for fertilizer purposes. The agricultural utilization 
of dried sludge has been previously discussed. 

Flowing and Disposal of sludge by flowing it on to the 

land or running it into trenches and covering it requires a relatively 
large disposal area. Use of these methods, sometimes called irrigation 
with sludge, is reported Dvriabiy from England, but in this country 
it is restricted more or ^ess to an emergency measure. Disposal of 
undigested sludge in this inanner is not regarded with favor, on account 
of the odors produced and the sanitary hazards involved, especially 
when crops are raised on the disposal area. 

For San Marcos, Tex., Eggert and Cohen (46) report the satisfactory 
disposal of excess activated sludge by discharging it through an 8-in. 
cast-iron pipe on to a disposal area six acres in extent. The tributary 
population is about 6000 and the sewage flow about 0.35 m.g.d. The 
land is plowed in furrows through which the sludge flows. The requi¬ 
site furrows receive sludge for one day, after which they lie idle until 
thoroughly dry. The surface crust is then broken by a single plowing 
down the center of the furrow and the sand is again put into service. 
Absence of odors is reported. Similar disposal of activated sludge in 
sandy fill during the summer season has been employed at Mamaroneck, 
N, Y. (47). At Atlanta, Ga., most of the Imhoff sludge is dried on 
prepared sand beds, but some is run on to fields and low-lying areas 
adjacent to the plant (7). Similar emergency disposal of sludge to 
relieve overloaded drying beds is practiced at Canton, Ohio. 

Trenches about 3 ft. wide and 18 in. deep, which are covered after 
receiving sludge, have been employed at certain English disposal works. 
The area required has been found to vary from about K to 1 acre or 
more per 1000 long tons of sludge. *As the land once used in this way 
must lie idle for an appreciable length of time, a large tract is required. 
More recent English practice is given for Wolverhampton by Clifford 
(48) and for Blackburn by Eaton (49). 

Lagooning, —Lagooning of wet sludge is employed widely in this 
country and abroad, for all types of sludge. A lagoon is a ba.sin formed 
either by a natural depression, often a sand pit, clay pit or quarry, or 
by surrounding a tract of land with a dike of earth. Lagoons vary 
greatly in area and depth depending upon local conditions. The sludge 
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is left to dry by evaporation and by such losses, of water through, the 
soil as may take place naturally. Drying may require 2 to 6 months 
and is frequently accompanied by offensive odors when undigested sludge 
is disposed of in this way. Digestion naturally takes place in the basins. 
li^KpQOns are particularly useful for emergency storage or disposal of 
^ildge. In some cases they are worked until they are filled com- 
ipletdy with sludge but in other cases the drained and digested material 
is removed from time to time and used to fill low-lying areas in the 
neighborhood. Winter lagoons may be employed for the storage of 
sludge from heated, separate sludge-digestion tanks, the winter^s 
accumulation being removed to drying beds during the drying season, 
liagoons are also used for the storage of sludge for discharge into streams 
when they reach flood stage. The progressive drying of fresh and 
digested sludges from plain-sedimentation tanks in lagoons is illustrated 
by the results obtained at the Philadelphia sewage testing station in 
1909. These are shown in Table 127 (50). 


Table 127.— Results of Air-drying Sludge in Earth Lagoons at 
Philadelphia Testing Station, 1909 


Source of sludge 

Time, 

days 

Depth, 

inches 

Quantity 
in lagoon, 
cu. yd. 

Moisture 
in sludge, 
pel cent 

Rain¬ 

fall, 

in. 

Sludge 
per acre, 
cu. yd. 

Sedimentation'^ 
tank 12; influ-* 
ent, scretuiedf 

sewage ) 

0 

26 

49 

12.20 

7.67 

3.50 

3.60 

2.50 

1 .04 

' 82.8 
57.0 
51.6 

0 

0 

0.43 

1600 

1000 

470 

Sedirn en tation'j 




1 



tank 12; in flu-( 

0 I 

13.50 

4.00 

90.1 

0 

1800 

ent, screened f 

62 1 

7.00 

2.10 

61.0 

3.14 

950 

sewag(* / 







Contents of the^ 
sludge-digestion ( 
tank in first ex-J 
peri m ent / 

0 

23 

44 

1 

i 

12.00 

2.67 

2.67 

3.50 

1.80 

1.80 

96.5 
60.4 

51.6 

0 

0.43 

0.82 

1600 

360 

360 

Sedimentation'\ 







tank 12; infiu-* 

0 

1 12.00 

3.50 

88.7 

0 

1600 

ent, crude sew-f 
age / 

59 

4.70 

1.40 

62.8 

2.59 

640 


In 1926 sludge from Iml^off tanks at Dallas, Tex., was lagooned 
because of insufficient drying-bed capacity during the rainy season (51). 
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The lagoon was used for skimmings and excess sludge during 1926 and, 
as no odors were noticed and costs were reduced, all the sludge has been 
taken care of in this way since 1927. 

At Toronto, Ont., sludge lagoons receive undigested sludge from 
plain-sedimentation tanks. After becoming filled with sludge, the 
lagoons are allowed to rest for about a year, after which the sludge is 
pumped out by a suction dredge and removed as fill to an adjacent 
area in the bay. 

Lagoons have been used for emergency disposal of sludge at Fitchburg, 
Mass., Rochester and Schenectady, N. Y., and Houston and San Marcos, 
Tex. A cross between lagooriin:; and bed drying has long been employed 
at Reading, Pa., where a large, low-lying sand area receives sludge from 
sojitic tanks and humus tanks. The area is cleaned about once a year. 

Lagooning of excess a<'tr ated sludge has not been satisfactory at 
Houston. The experience there is sunimarized by Fugate and Stanley 

(52) as follows: 

Up to 1920, the only means of disposal of excess act./ated sludge was 
ttgooniug. It has bei n repeatedly observed that when the pH of sludge in 
lagoons falls below 7.0 a tliick crust of undigested sludge solids forms on 
the surface, accompanied by a highly offensive odor. This can be remedied 
in most case by hosing the lagoon with fire hose. Aggravated cases were 
known to persist for ten days or more, and were alleviated only by per¬ 
sistent stirring and hosing. The addition of lime would doubtless help 
but the cost of such procedure makes its use out of the question. 

Th(^ failure of lagooning made it necessary to turn toward a method free 
from its objectionable features. 

Considerable difficulty was experienced with the lagooning of acti¬ 
vated sludge at Pasadena, Cal., before a successful mechanical dewater¬ 
ing and drying plant was placed in operation. Objectionable conditions, 
due to odors as well as to flies and other insects, were created. Goudey 

(53) reports that ^^at one time a comprehensive survey indicated that 
odors from lagooned sludge traveled 7000 ft. covering an area of 3100 
acres and affecting 10,000 people,^' 

At Syracuse, N. Y., sludge from plain-sedimentation basins is removed 
continuously by Dorr mechanisms and pumped to a disposal area about 
2 miles distant, where it is lagooned together with many times its volume 
of industrial wastes from the Solvay Process Co. The resulting mixture 
is sterilized completely by the chemicals in the Solvay wastes and the 
overflow from the lagoons flows into Onondaga Lake. 

Disposal of Dried Sludge. —The sludge removed from drying beds or 
lagoons, as well as the press cake from sludge filters, which is not hauled 
away by farmers—and commonly the bulk of the sludge is not disposed 
of in this way—usually is placed in sludge dumps or fills in low-lying 
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land adjacent to the disposal works. Where industrial railway tracks 
are provided for sludge removal, they generally terminate at the sludge 
dump. At the Calumet works of Chicago, for example, a dump about 
700 ft. long was built up on a clay spoil bank left from the plant con¬ 
struction (54). Tracks are laid the long way of the dump and, as the 
sludge is deposited next to the track, it is pushed over the edge of the 
bank by a bulldozer. The distribution thus secured avoids moving the 
track more than once a year. 

Other Methods of Sludge Disposal.—Two other methods of sludge 
disposal are of interest, incineration and destructive distillation. In 
both of them an attempt is made to utilize the calorific value of the 
sludge in its disposal. 

Incineration ,—The burning of sludge was attempted at a few places 
in the United States in the early days of sewage disposal: notably at 
Worcester, Mass., in 1891, and at Coney Island, N. Y., for a number of 
years prior to 1892 (55) (50). This method of sludge disposal, however, 
has not been em})loyed to any great extent. 

Investigations carried on at the Philadelphia experiment station 
showed that, although sludge could be burned readily with the addition 
of somewhat less than an e(iual weight of coal, the full calorific value 
could not be utilized, IxM^ause of the quantity of water which had to be 
evaporated iti burning it (50). 

The impi'oved methods of dewatering fresh, activated and digested 
sludges by vacuum filtration and improved furnace equipment have 
revealed new possibilities for final disposal by incineration. 

Fair and Moore (57) have studied the fuel values of raw and digested 
sewage solids and compared their findings with the results obtained 
by Wisner and Pearsc (27), Bach (59) and Pearse and Mohlmaii. 
From the results of these studies they have developed the formula, 

Q = 

where Q = calorific value in B.t.u. per pound of solids, dry basis 
P = volatile solids in per cent dry basis 

(7 = a coefficient, which varies from 25 for activated sludge, raw 
or digested, to 29 for primary sludge, raw or digested. 

The average fuel value of sewage sludge, based on the formula 
developed by Fair and Moore, is given in Table 128. 

Rudolfs (60) gives the following as average B.t.u. values for the 
different types of sludge: fresh solids, 6500 to 8500; activated sludge, 
6000 to 8000; and digested sludge, 4800 to 7200. 

Rumsey (37) reports as follows upon experiments in the use of sludge 
as fuel: 

Of the tangible by-product*'there seem to be some possibilities in using 
excess digested sludge cake as a fuel. Our own experience this past year 
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Table 128.— ^Fuel Value of Sewage Sludge 


Volatile matter 
in sludge, 
per cent 

Fuel value, B.t.u. per pound of solids, dry basis 

1 

Primary 

sludge^ 

Activated 

sludge^ 

Mixed 

sludge* 

85 

10.840 

9450 

10,100 

80 

10,000 

8620 

9,300 

75 

9,200 

7910 

8,450 

70 

8 360 

7210 

7,800 

65 

7,570 

6530 

7,050 

60 

6,810 

5870 

6,330 

55 

6.060 

5220 

5,650 

50 


4610 

4,980 

45 

4,65Cj 

4000 

4,330 

40 

3.970 

I 3420 

3,690 

35 

1 3,320 

2860 

3,090 

30 

■ 2,710 

1 2330 

‘ 2,520 


1 Raw or digested. 

* Mixed raw or digested primary sludge and activated sludge. 

was in firing a boiler with about 45 to 50 tons of this material. The cake 
had a heat value of 4300 B.t.u. per dry pound, and an ash residue of about 
50 per cent. We find that this fuel, when having more than a 50 per cent 
moisture content, will not burn successfully under a boiler. At 30 per cent 
moisture a good fire is maintained by somewhat frequent rocking of the 
grates to remove the excess ash. 

Sludge cake in the bin, at our Market Avenue Pumping Station, cost about 
66 cents per ton, and assuming 3 tons of cake equivalent to 1 ton of slack 
coal, it gives us a relative value of $2.00 per ton for the sludge cake as 
compared to $4.75 for coal to produce a like number of B.t.u.'s. In order 
to utilize any quantity of excess cake for fuel purposes, it would be necessary 
to provide a good size storage, as this material is quite bulky. 

At Dearborn, Mich., sludge from the chemical-precipitation plant, 
now being mechanically dewatered by vacuum filtration, is being 
incinerated in a unit constructed and ready for initial operation early 
in 1935. 

At the West Side plant in Chicago, an experimental incinerator 
plant with a capacity of 20 to 30 tons of sludge daily was built in 1932. 
Rotary dryers were employed to reduce from 80 to 20 per cent the mois¬ 
ture content of the sludge cake from vacuum filters. Different types 
of grates and different temperatures were under investigation. These 
studies resulted early in 1934 in replacing the plant with a new demon¬ 
stration unit having a daily capacity of some 20 tons. In operation, 
the sludge, after being dosed with ferric chloride, goes to a rotary 
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vacuum filter,i where the moisture content is reduced from 98 per cent 
to approximately 80 per cent (61). The sludge is dried and pulverized 
in kiln mills and delivered to the furnace, where it is burned in suspen¬ 
sion. The hot gases from the furnace are used in air preheaters, in 
which fresh air is heated and used for drying the sludge cake and for 
combustion in the furnace. Thus, the moisture-laden air from the 
kilns passes through the high-temperature zone of the furnace and it is 
said that complete destruction of odors takes place before the gases are 
released to the stack. Cyclone separators are used for separating fly 
ash from the flue gases. Although the heat from the sludge burning 
has been demonstrated to be nearly sufficient for predrying and com¬ 
bustion, a small quantity of supplementary fuel in the form of pulverized 
coal is required from time to time, in order to obtain the desired tem¬ 
perature. Testing under a variety of operating conditions, men, 
organized in an ^^odor patrol,’’ are said to have established that the 
system is entirely odorless. 

The success of the demonstration plant has resulted in a program 
for construction of similar units at the ("aliimot treatment plant, as 
well as extension of the West Side incinerator plant. 

Distillation .—The destructive distillation of sludge cake has been 
experimentally studied both in this country and abroad. In 1908 
experiments Were conducted by the Massachusetts State lioard of 
Health on sludge from plain-sedimentation tanks, septic tanks, chemical- 
precipitation tanks and trickling-filtcr humus tanks and, for comparative 
purposes, on peat, sawdust, wood pulp, waste sulfite-pulp liquor, soap, 
grease and bituminous coal. In these investigations about 400 gm. of 
dried sludge were placed in a cast-iron retort, which was heated slowly 
to bright-red heat. The results were reported as follows (62): 

The volume of gas produced from different samples of the same kind of 
sludge and from sludges of different kinds has varied considerably. The 
amount of gas produced per ton of dry sludge averaged about 6600 cubic 
feet for settled sewage sludge, 8100 cu. ft for clieinically precipitated sewage 
sludge, 4900 cu. ft. for septic lank sludge, and 6000 cu. ft. for sediment 
from the effluents from trickling filters. The residue from the evaporation 
of sulphite pulp liquor produced about 11,000 cu. ft. of gas per ton. In 
comparison about 12,000 cu. ft. of gas were obtained from both sawdust 
and wood pulp, about 8400 cii. ft. from peat and about 5300 cu. ft. from soap 
grease, while the different kiiids of soft coal yielded from 8600 to 12,900 cu. 
ft. of gas per ton. The composition of the gases from different sources was 
quite different. In general, the gases from sludge contained a much larger 
proportion of COa, of CO and of the so-called illuminants than the gas 
produced from coal, while the proportions of hydrogen and methane were 
correspondingly less. Gases of similar composition are used successfully in 
many places, however, as sources of light and heat. The coke resulting 
from the distillation of the various sludges amounted to 46 to 66 per cent 
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of the weight of the dry sludge, and, in spite of the fact that it was usually 
very soft and friable and that it coritaiued a large proportion of mine^i 
matter, this could undoubtedly be burned on properly constructed grates, 
and the heat used either for making steam or for drying the wet sludge.. 
Analyses of the coke also showed it to contain from l.l to 1.7 per cent of 
available P 2 O 6 and on an average about 22 per cent of the nitrogen of the 
sludge, and it is possible that it might profitably be used as a basis for the 
manufacture of fertilizer. The per cent of P 2 O 6 might ha increased by 
burning the sludge more completely, but this would cause the removal of 
the nitrogen, which is a desirable ingredient if the coke is to be used for this 
purpose. Much of the fats in the sludge distilled over with the tars, result¬ 
ing in a light, greasy tar. This by-product of the process could readily be 
disposed of by mixing it with the coke and burning, or if it were formed in 
sufficient amounts it could be burned directly, in the same manner as water 
gas tars are utilized. The average results of the investigation are shown in 
Tables 129 and 130. 

Table 129.— Analyses op Sludges Used for Destructive Distillation 
AND Characteristics of Coke Produced 



Composition of sample 
before distillation, per cent 

Coke 

pro¬ 

duced, 

Percentage 
of nitrogen* 

Avail¬ 

able 

Total 

nitrogen 

L 0 .S 8 oil 
ignition 

Fats 

per 

cent 
of dry 
sludge 

Found 
in coke 

As NHs 
in 

washer 

P*06 
in coke, 
per cent 

Lawrence sludge^. 

3.36 

36.8 

12.8 

63.5 

11 

.586 

1.33 

Andover sludge ^ . 

2.14 

46.6 

27.5 

50.5 

67 

.226 

1.33 

Clinton sludge-. 

2.36 

74.4 

7.7 

. 44.5 

.72 

.404 

1.44 

Brockton sludge^. 

1.76 

46.0 

6.2 

; 60.5 

.94 

.137 

1.17 

Worcester .sludge^*. 

1.19 

44.5 

3 2 

; 54 0 

.m> 

.544 

1.67 

Septic-tank sludge. 

2.46 

47.9 

8.3 

68.5 

.27 

.497 

1.16 

Triokling-filter sludge. 

2.10 

48.3 

4.9 1 

! 62.0 

.56 

.809 

1.31 

Sludge from evaporation of 








sulfitc-pulp liquor. 


87.3 i 


' 32 1) 




Peat. 

2.54 

92.0 I 


49.0 

i i 

.700 

0.31 

Sawdust. 

0.00 


.... j 

25.0 i 

1 _ 1 

.000 


Wood pulp. 

0.00 


.... i 

25.0 ' 

1 

.000 


Soft ooab. 


96.8 

.... 1 

77.3 

i 

.222 



* Per cent by weight of total sludge t.aken. 

» Settled sewage sludge. 

• Chemically precipitated sludge. 

♦ Average of four kinds of steam and gas coal. 

More recently, Thompson (63) at Leeds, England, has conducted 
tests on both the burning of sludge and the carbonization of sludge cake. 
At this plant, limed press cake not sold to farmers is dumped on low- 
iying ground and ignited after drying for about a year. The brown 
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ash produced, containing 45 per cent calcium carbonate on a dry basis, 
is sold to farmers as a substitute for lime. 

Xablb 130. —Relative Volume and CoMecmmoN of Gases Produced by 
Destructive Distillation of Sludge 



Cubic 
feet of 
gas per 
ton of 
sample 

Per cent 

CO 2 

Ilium- 

inants 

0 1 

CO 

H 

cm 

N 

Ijawrence sludge>. 

4.900 

4.4 

2.2 

1 

0.3 

30.7 

34.9 

18.6 

9.1 

Andover gludge^. 

6.400 

7.4 

16.1 

0.6 

14.3 

22.9 

34.3 

5.4 

Clinton sludge^. 

9.100 

8 ..3 

6.7 

0.0 

20.4 

33.2 

24.5 

7.0 

Brockton sludge'. 

6,000 

16.6 

21.4 

0.2 

10.3 

22.6 

29.1 

0.2 

Worcester sludge^. 

8.100 

14.2 

4.9 

0.3 

29.8 

32.6 

16.2 

2.2 

Septic-tank sludge. 

4,900 

7.5 

1.0 

0.1 

24.3 

44.0 

13.0 

10.2 

Trickling-filter sludge. 

6.000 

20.2 

17.4 

0.3 

6.6 

32.7 

22.8 

0.0 

Sludge from evaporation of 







i 


sulfite-pulp liquor. 

11,000 

21.6 

2.1 

0.0 

20.0 

42.0 

12.0 i 

0.3 

Peat. 

8.400 

39.0 

4.7 

0.2 

11.0 

28.0 

17.1 

0.0 

Sawdust. 

12,700 

18.4 

4.8 

0.3 

28.2 

26.9 

19.1 

2.3 

Wood pulp. 

12,000 

23.5 

1.4 

0.0 

16.4 

44.5 

13.3 

0.9 

Soap grease. 

5,400 

1 6.8 

44.6 

0.0 

6.2 

15.8 

26.7 

0.0 

Soft coal’.. 

10,200 

1 1.6 

2.0 

0.1 

5.2 

62.3 

26.7 

3.2 

Lawrence illuminating gasL ... 


, 3.4 

1 1 

9.1 

0.0 

21.5 

! 42.5 

1 

19.7 

3.8 


1 Settled sewage sludge. 

* Chemically precipitated sludge. 

’ Average of four kinds of steam and gas coal. 

* From gas company pipes at experiment station. 

CONVEYING SEWAGE SLUDGE 

In modern sewage-treatment works the sludge produced may be 
conveyed from point to point in a number of different ways, that may 
vary greatly with the method of sewage and sludge treatment and the 
manner of final disposal of the sludge. Several methods of conveying 
sludge have been mentioned in the preceding sections of this chapter 
and in connection with the various sewage-treatment processes described 
in previous chapters. 

Watery sludge is commonly caused to flow by gravity in open or 
closed conduits, or it is lifted by different kinds of pumps in pipe lines. 
Questions of sludge pumping and sludge fiow in pipes will be considered 
in the succeeding sections of this chapter. Sludge paste, according to 
experience at Milwaukee, is best transported on belt conveyors. At this 
plant trouble was encountered with the use of screw conveyors handling 
activated sludge, the moisture content of which had been reduced to 
about 80 per cent by vacuum ifiltration. The sludge tended to cake on 
the sides of the conveying machinery and to form balls that could not 
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be dehydrated successfully^ in the heat dryers. Sludge cake is conunonly 
transported in wheelbarrows, carts or industrial dump-cars, as described 
in Chap. XXVIIL Granular sludge, finally, may be conveyed on 
belt or screw conveyors. 

The most elaborate development of sludge-conveying mechanisms 
is naturally associated with large activated-sludge plants producing a 
commercial fertilizer from sewage sludge. The magnitude of the prob¬ 
lem is emphasized by the following schedule of average (quantities 
handled daily during 1928 at Milwaukee: 


Volume of sewage, m.g.d. 81.8 

Excess activated sludge, 98.6 per cent moisture, tons. 5670 

Sludge paste from filters, 84.5 per cent moisture, tons. 663 

Granular sludge from dryers, 2.97 per cent moisture, tons. 88.4 


^ Flow of Sludge in Pipes and Other Conduits.—The design of pipes 
and other conduits for conveying watery sludge requires a knowledge 
of the characteristics of sludge flow. Unfortunately sewage sludge does 
not constitute a homogeneous fluid and the well-known laws of hydrau¬ 
lics apply only approximately. The problem is further complicated 
by the variable nature of sludge, as regards both the character of the 
solids carried in suspension and the moisture content. Although some 
excellent work has been done, information is still too incomplete to 
permit of broad generalization for design purposes. 

The friction of sewage sludge in pipes has been studied by a committee 
of the American Society of Civil Engineers whose conclusions fol¬ 
low (64): 

1. Sludge is neither a viscous nor a homogeneous material, but is variable 
in character. 

2. The usual analytical tests do not define its physical qualities, but it 
seems to behave more like suspended matter. 

3. Below the critical velocity^ sludge has a different friction factor from 
that above. As yet the coefficient of flow below the critical velocity can¬ 
not be concisely stated. Above the critical velocity, it can only be expressed 
in ranges. 

4. Sludge friction losses increase with a decrease of moisture content. 

6. Sludge friction losses tend to increase with lower temperatures. 

6. Sludge friction losses for high velocities (from about 5 to 6 ft. per 
second, or more), tend to follow' more nearly the characteristic laws for the 
flow of water. 

7. Friction losses for fresh or undigested sludge and for sludge from com¬ 
bined sewage are more erratic and the determination of a friction factor is 
correspondingly more difficult to obtain. 

8. Within the limits investigated no law of flow has been found. 

> The velocity at which the type of motion changes from straight-line to turbulent flow 
is called the critictU tM^oeiiy. 
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Axscording to the information so far available, there seem to be four 
possible states of flow proceeding from low to high velocities as follows: 
flow at “sedimentation velocity,^^ at which sludge will settle to the 
bottom of the pipe and the sedimentation velocity will be maintained 
in the remaining cross section, thus producing a change in calculated 
velocity, as defined by discharge divided by full pipe area, but no change 
in lost head; “streamline, nonsinuous or laminar flow,” in which state 
the friction loss of homogeneous fluids varies with the first power of the 
velocity and the loss is greatly affected by the kinematic viscosity of 
the fluid, or the absolute viscosity divided by the density; “transitional 
flow,” in which the state of flow changes to turbulence; and “turbulent 
or sinuous flow,” in which state the friction loss of homogeneous fluids 
varies as some power of the velocity, approaching or reaching the square, 
and the loss is no longer affected much by the kinematic viscosity of 
the fluid. 

While the American Society of Civil hmgineers' committee did 
not believe that a general law for the flow of sewage sludge could be 
derived from the information available, Clifford has pointed out that 
an analysis of sludge flow is possible, if sewage sludge is considered a 
pseudohomogeneous fluid and if Stanton and Pannall’s approach is used 
in the solution of the problem (05) (00)- As a first approximation, 
Clifford has suggested a value of 0.001055 for the kinematic viscosity 
of a sludge with 90 per cent moisture. The value of the Reynolds 
criterion for a fluid of this character indicates that laminar flow obtains 
in a 4-in. pipe up to a velocity of about G ft. a second and that the flow 
probably becomes turbulent at-about 10 ft. a second; in an 8-in. pipe 
these limiting velocities are respectively 3 and 4 ft. a second, in a 12-in. 
2 and 3 ft. a second, and in a 24-in. 1 and 1.5 ft. a second. An examina¬ 
tion of Table 131 will show that, judged on this basis, the velocities of 
flow employed in sludge lines are generally such as to result in laminar 
or transitional flow. Comparisons of friction losses of sludge with 
those of water do not appear to be v.^H conceived, because water is 
flowing turbulently at these velocities. Nevertheless Clifford (65) 
has stated the following in summarizing his studies: 

For practical purposes, and until more accurate data are available, the 
friction head or pressure drop for 90 per cent sludge per 1000 ft. of pipe line, 
may be taken as approximate^*- one and a half times that of water. Ample 
allowance should be made for valves, bends and junctions, and a further 
provision for those gritty sludges which appear from time to time. The 
average friction head from all sources, of four sludge mains in use, is about 
four times that due to water flowing in straight lengths of asphalted cast 
iron pipes, under the same conditions of diameter and average velocity. 

The characteristics of a number of long pipe lines conveying sewage 
sludge are shown in Table 131. Part of them have been built in Great 
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» Activated sludge. 2 Primary sludge. »Imhoff sludge. 
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Britain. The following description of some of these lines is taken 
largely from the report of the American Society of Civil Engineers’ 
committee (64): 

Line and Grade: 

Birmingham, England: Not laid on a grade; inlet and outlet practically 
level. 

Glasgow, Scotland: Practically level. 

Bradford, England: Line laid on a grade with an open end for free dis¬ 
charge. 

Wolverhampton, England: Pipes laid on surface of ground without a 
regular gradient. 

Syracuse, N. Y.: Line laid on uniform grades with blow-offs at depressions; 
insulated wherever exposed. 

Baltimore, Md.: Gradient depends upon topography of the ground and 
necessary connections to other structures. 

Chicago, Ill.: Line laid on regular grades between summit and valley as 
far as practicable. 

Toronto, Ont.: Gradient for 12-in. line is 1.26 per cent. 

MairUenarux: 

Birmingham, England: Access boxes and provisions for flushing under 
pressure are provided, but have not been needed; line flushed twice each 
year by pumping sewage at 3 or 4 ft. a sec. for 12 hr. 

Glasgow, Scotland: Two scour valves at excessive dips are tested regularly; 
after pumping sludge of 88 per cent moisture, a thinner sludge is used as a 
precaution. 

Bradford, England: When sludge pumping is stopped a few days the line 
is blown out with compressed air. 

Syracuse, N. Y.: Manholes with hatch boxes every 500 ft. 

Chicago, Ill.: Manholes with hatch boxes every 3260 ft., more or less. 

Air Valves: 

Birmingham, England: Provision for valves at intermediate summits, 
but valves removed. 

• Chicago, Ill.: At all summits. 

Stoppages: 

Birmingham, England: Have occurred, although rarely, when excessive 
grit is present or when piuninf jg is irregular. 

Glasgow, Scotland: Checking has occurred perhaps twice, but a steady 
pressure of 90 to 100 lb. per square inch cleared it readily. ^ 

Syracuse, N,»Y,: Three have occurred and were readily located by pres¬ 
sure gage at hatch boxes. 

Preparation of Slvdge: 

Birmingham, England: Screi^hed before entering pumps. 

Syracuse, N. Y.: Drawn from bottom of Dorr clarifiers and screened twice. 
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Baltimore, Md.: Drawn from sedimentation tanks and passed through 
T^-in. bar racks. 

Chicago, HI.: Mixture of activated sludge and the product of 20- or 
30-min. settling in Dorr clarifiers after passing screen. 

Method of Pumping: 

Birmingham, England: Two types of pumps.‘ 

Glasgow, Scotland: Ramii, 10 by 5 ft. in diameter, of 187-cu. ft. capacity; 
rate, 1 ton per minute at 100 lb. per square inch; working pressures, 60 to 
80 lb. per square inch. 


u- 

8 

k 

c 

T3 

O 

X 
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Fio. 197.—Average friction curves for activated sludge at the Calumet sewage- 
treatment plant, Chicago. 

Bradford, England: Plugs of sludge are followed by compressed air at 
50 to 60 lb. per square inch. 

Wolverhampton, England: Compressed air. 

Syracuse, N. Y.: Four 6- hj 10-in. stuff pumps; 5-in. bronze ball-valves; 
16-hp., slip-ring motors; capacity, 92 gal. a minute against 462-ft. head; two 
pumps for ordinary service at 80-ft. head. 

Baltimore, Md.: Centrifugal pumps. 

Chicago, Ill.: ("cntrifugal pumps of special design, to pass solids and keep 
runners clean; capacity,'each 1000 gal. a minute against 188-ft. dynamic 
head; 100-hp. squirrel-cage motors at 1765 r.p.rn. 

Toronto, Ont.: 18-in. centrifugal pump through a 44-ft. lift to the entrance 
of the line. * 

^ One is a direct-acting, duplex, steam-driven pump, with a piston speed limited to 4 ft. 
a minute. There are also electrically operated, single-acting, triplex pumps. Both kinds 
of pumps work well on sludge containing OC) per cent water. Sludge containing more than 
90 per cent water is pumped by centrifugii^, of the stereophagus or uncbokable type for 
Misew of 6 in. and less and of ordinary types for larger sisea. 
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Mucellaneoua: 

Birmingham, England: No trouble has boon experienced at the joints. 

Bradford, England: Numerous summits tend to break up the sludge and 
air pockets. 

Baltimore, Md.: This is one of several lines; the longest is more than 
5000 ft. 

Chicago, Ill.: Pipe was shop-tested to 300 lb. per square inch and tested 
in place to 175 lb. per square inch. 

Toronto, Out.: In addition, another liiH‘ of 400 ft. of 10-in. spiral-rivt^ted 
pipe was used in the 1919 and 1929 tests. 

A few tests have been made of the friction of activated sludge in 
8-in. and 12-in. pij^es at the Calumet plant in Chicago. The results 
of these te.sts are shown in Fig. 197, together with the corresponding 
curves for water (04). Conditions under Avhich the curves were derived 
are described below: 


Curve, 
Fig. 197 


.1 

B 

a 

D 

E 

F 

a 


Tcinpcra- 
tur(‘, ®F. 


72 

42.5 

42 

42.5 

42 


Moistun', 
p(^r c(mt 


90.50 

98.00 

98.64 

100.00 

98.00 

98.64 

100.00 


The friction of IinhofT sludge compared with tiiat of water in the two 
sizes of pipe tested at the Calumet plant is shown in Fig. 198 (64). The 
curve drawn for water in each case is based on actual tests in the pipe. 
Some of the tests indicate a friction loss for sludge less than that for 
water. The committee states that “t *e only explanation appears to 
be the effect of gas in the sludge. There is a possible lubrication of the 
pipe w^all by the sludge and a sliding of the .sludge as a unit, due to the 
slippery pipe and cohesive characteristics of the sludge. All these 
conditions would tend to (lecrease friction.” 

There are no test results available on the How of sewage sludge in 
open channels. In the Enischer District of Cermany the sludge 
channels transporting Imhoff sludge have a slope of 1:40. At Akron, 
Ohio, the sludge channels to the drying beds have a slope of 1:83. The 
open sludge channel at the North Toronto plant in Toronto, Ont., 
carrying digested primary sludge and excess activated sludge, has a 
slope of 1:80. On rare occajiions the sludge does not flow readily in 
this channel and must be assisted by means of shovels. 
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Sludge Pumps. —The type of equipment suitable for the pumping 
of sludge depends upon the character of sludge, the desired rate of 
discharge, the suction and discharge heads and the method of treatment, 
if any, of the sludge following pumping. 

In selecting equipment consideration is usually given to the maximum 
size of objects in the material, determined in large part by the clear 
openings in racks or fine screens; the type of tank from which the sludge 
is derived; the source of the sewage, as from separate or combined 
sewerage systems; and the predominance of any particular kind of 
industrial wastes. The rate of sludge pumping is of importance, 
because as the rate decreases the difficulty of securing non-clogging 
pumps increases. Centrifugal pumps smaller than 4 in. in size arc 
seldom used for sludge pumping. Plunger and diaphragm pumps and 
compressed-air ejectors are commonly used where the desired rate of 
discharge is small. If continuous or semicontinuous pumping is 
required, spare units are necessary, whereas with intermittent pumping, 
as for wasting humus sludge, one unit frequently serves. 

Air lifts are commonly useful for sludge pumping only when the 
lift is small. The head to which sludge can be lifted by this means is 
limited by the depth of submergence of the air-eduction pipe. The 
submergence usually is made 65 per cent or more of the total length, 
in order to secure moderate efficiency. Thus, with an Imhoff tank 
30 ft. deep a lift of about 15 ft. is feasible. Plunger and centrifugal 
pumps are suitable for high lifts. The centrifugal pumps for wasting 
sludge at the North Side plant in Chicago provide for pumping against 
a dynamic discharge head of 180 ft. and a suction head of 8 ft. The 
plunger pumps at Syracuse provide for a maximum head of 462 ft., 
as described in the preceding section. Pistons and other appropriate 
parts of these pumps are continuously washed with clean water during 
service, the water being furnished by an auxiliary, high-pressure, triplex 
plunger pump. 

At Canton, Ohio, two 10- by lO-in triplex plunger pumps, equipped 
with 40-hp. motors, are provided for pumping the digested Imhoff 
sludge through 5500 ft. of 6-in. force main. The capacity of each 
pump is 300 gal. per minute at 30 r.p.m. 

Sludge settling in pl^n-sedimentation tanks at Pittsheld, Mass., 
is pumped through a 24-m. force main, about 10,850 ft. long, on to sand 
beds reserved for sludge drying. The pump used for discharging sludge 
is a 10-in., horizontal, split-casing, double-suction, open-runner, centrif¬ 
ugal pump, driven by a 100-hp. slip-ring induction motor. The pump 
is protected by two sets of racks, one with 1-in. and the other witli 
Ji-in. clear spacing between bars. The capacity at the minimum 
suction hei^ of 10.2 ft. is 6.l( m.g.d. and at the maximum suction head 
of 17.2 ft. the discharge is 6.3 m.g.d. The average efficiency is 52.2 per 
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cent. The dynamic discharge head is about 41 ft. The pumps are 
primed by a priming pump, equipped with a vacuum breaker. 
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SLUDGE-DRYING BEDS 

The wet sludge produced by sewage treatment in America is most 
commonly run onto specially prepared sand beds, on which it is air-dried. 
Part of the water passes from the sludge into the sand and percolate'^ 
through it to underdrains, while part evaporates. Climatic conditions 
ani the air-drying characteristics of different sludges are important 
considerations in providing siu Ige-drying areas. 

Characteristics of Slydge-drying Beds.—The behavior of different 
sludges when placed on sand beds has been indicated in Chap. XXVII, 
from which it appears that drying beds are particul rly^ suitable for 
d'jwatering w’ell-digestcd sludge. The following detailed description 
of the behavior of Irnhoff sludge during air-drying is taken from Gault’s 
report (1) of Fales’ experiments at Worcester, Mass: 

When first drawn onto the drying bed. the Iinhoff-tank sludge became 
(u)inpletely covered with gas bubbles, due to the relc*aso of pressure on draw¬ 
ing from the tank. The escaping gas lifted the solids, leaving a compara¬ 
tively thin liquid at the bottom, just as in the case of the glass cylinders, 
where, inside of 24 hr., from 15 to 30 per cent of clear liquid remained at the 
bottom. This clear liquid filtered away within a day or two, redneing the 
volume of the sludge correspondingly. Under favorable weather condi¬ 
tions, the surfac^e of the sludge on the second day presented a thin unbroken 
crust. When the sludge was stirred up, however, much gas escaped, mak¬ 
ing a sound like a man puffing on his pipe, and within a few minutes the 
surface where it was broken looked as if it were strewn with l)laekborries, due 
to the gas bu!)bles in the sludge. The entire ma.ss where disturbed, e.xcept 
for color, now resembled soft dough in whicdi yeast is very actix e. Within 
a few hours after this condition, cracks began to appear on the surface and 
gas escaped through these cracks, causing the sludge to become a seething 
mass. The evolution of gas soon subsided, although the sludge retained 
much gas for several days, rendering the sludge porous and spongy. The 
cracks gradually increased in number and deepened, thereby fatnlitating 
the drying. The bottom portion was the last to dry, the time required to 
dry out depending upon the depth of sludge. 

In the experiments at Worcester it proved practicable to remove the 
sludge from the drying beds while it contained as much as 70 per cent 
of water, although the volume and, weight of such moist sludge can be 
greatly reduced by further drying. The weight of the sludge removed 
varied from 60 lb. per cubic foot, when it contained 68 per cent of water, 

716 



716 


AMERICAN SEWERAGE PRACTICE 


to 31H lb. per cubic foot with a water content of 8 per cent. The latter 
grade was produced by drying a thin layer of sludge for 4 weeks during 
extremely favorable weather. The average loss in volume at Worcester 
was 70 to 80 per cent and the average loss in weight was 75 to 85 per cent. 

Weather conditions are of great importance. If rain falls within 
24 hr. after running digested sludge on a bed, it tends to liberate the gas, 
making the sludge more compact and less porous, so that it does not 
dry out so rapidly as otherwise. If rain falls while the surface of the 
sludge is cracking, the water is retained near the surface and retards 
the rate of drying, but if the sludge is nearly dry, so that the cracks 
extend through the mass, the water soon drains away and the sludge 
quickly dries again. 

Drying sludge generally becomes spadable when its moisture content 
is reduced to 50 or 60 per cent and it is commonly removed from the 
drying beds when it has reached this condition. At the Calumet 
treatment works of Chicago, for example, Goodman and Wheeler (2) 
have recorded the average yearly water content for the years from 
1923 to 1928 as varying from 87.2 to 89.1 per cent in the Irnhoff sludge 
applied to the beds, while the sludge removed averaged 39.3 to 55.1 per 
cent water. 

At the North Toronto plant in Toronto, Ont., it has been possible to 
remove well-digested primary sludge and excess activated sludge from 
the glass-covered drying beds with forks, when the moisture content 
was 80 to 85 per cent. The sludge so removed, however, was soggy 
and slumped in the sludge dump. 

In connection with the experiments at Worcester, comparative 
tests were made of the behavior during drying of Irnhoff, chemical- 
precipitation and primary sludges. The last-named was coarse and 
contained a large quantity of hair from a local tannery. It formed a 
mat over the surface, which did not crack readily, so that the air failed 
to penetrate it thoroughly. For this re.oson it did not dry so completely 
as the Irnhoff sludge, except when 'ixposed in thin layers, and rain 
falling while the sludge was drying was likely to undo the effect of 
2 or 3 weeks' exposure. The chemical-precipitation sludge formed a 
multitude of cracks, which gave it an advantage over the Irnhoff sludge 
when applied in a layer not over 6 in. thick. It did not change from 
its liquid state as quickly as the Irnhoff sludge, but the cracks caused it 
to reach a condition suitable for removal quite as soon. 

At Tenafly, N. J., activated sludge is allowed to flow gradually over 
sand beds under glass covers. Donaldson and Kurtz (3) report that 

i 

. . . most of the water quickly separates from the solids and runs ahead 
into the sand before it is sealed by the solids. This is continued until the 
entire bed is covered, precaution being taken not to allow too heavy a 
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blanket to be formed near the feed point. The dosing operation takes 
about 30 min. and in about 2 hr. all free w.ttcr has disappeared from the 
surface. For removal of the sludge layer the sludge is marked mto squares 
the size of the lifting fork. 

The solids content of the liquid sli Ige is aV>out 2.5 per cent and is 
increased to 20-25 per cent in 4 or 5'<aays. The cake is to 1 in. thick. 

At Brockton, Mass., sludge from plain-sedimentation tanks flows 
in a layer about 2 in. thick on to drying beds, formerly used as inter¬ 
mittent sand filters. The sludge applied contains about 90 per cent 
water and the dried sludge about 35 to 40 per cent. At Gloversville, 
N. Y., sludge from plain-sedimentation and humus tanks contain., 
about 95 per cent water and is reduced in volume about 85 per cent 
dining drying. 

The drying of sludge from piain-sedimentation tanks may be accom- 
pawd by the liberatiot of objectionable odors, making this method 
impracticable unless the drying area is vvell isolated. The drying 
l)cds at Brockton are remote, so that little offense is c.* .iscd. 

Rudolfs, Downes and Camj)bell (4) concluded from full-scale experi¬ 
ments performed at Plainfield, N. J., during April, May and June, 1923, 
that air-drying of digested sludge can be greatly accelerated by the 
addition—with a minimum of stirring, to .secure adequate mixture^-of a 
solution of alunP to the sludge, just prior to running it on to the drying 
area. A dosage of IJ3 lb. of alum per cubic yard of sludge from the 
l^lainfield tanks, which have at times produced poorly digested sludge, 
increased the number of dryings from b to 11 during 7 months. The 
drying of well-digested sludge, however, \vas not greatly improved 
by the addition of alum. The latter is in accord with experience at 
Schenectady, N. Y. 

The effluent from drying beds .may require treatment with th-* raw 
or clarified sewage, if the sludge liquid is of questionable nature and 
there is no opportunity for filtering or otherwise treating it independ¬ 
ently of the sewage. Although generally clear, the effluent may be 
high in bacteria and may have a considerable biochemical-oxygen 
demand. At Baltimore the effluent from the sand beds, upon which 
partially digested' sludge dries, passes through 4 in. of sand and 12 in. 
of gravel (5). The effluent is clear but has an average B.O.D. of 
365 p.p.m. 

Drying Area Required. —The drying area required varies with the 
following items: the quantity of solids removed from the sewage; 
the character of the sludge to be dried; local atmospheric conditions, 
such as rainfall, relative humidity, temperature and duration of period 
when drying on open beds is feasible; the degree of protection from the 

* For the principles of sludge conditioning see Chap. XXIX. 
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elements; and, if the area is covered, the efficiency of the heating and 
ventilating system. Allowances are generally expressed in square 
feet of drying area per capita, the number of applications of sludge yearly 
and the average depth of application also being given at times. The 
loading may be expressed in pounds of dry solids in the sludge applied 
to the beds yearly j^er square foot of bed area. 

There is a marked seasonal variation in the yield of air-dried solids, 
even with glass-housed sludge beds. The authors have determined 
monthly yields by computing the weighted averages based on the num¬ 
ber of days the sludge was on each bed during the month. Sludge beds 
must be adequate to handle the sludge as produced unless sufficient 
tank storage is afforded to take care of variations in sludge bed yields. 

The removal of solids from the sewage depends on the strength of 
sewage and the type and degree of treatment pro\ddcd. The percentage 
of the total suspended solids in the raw sewage commonly removed as 
sludge in various treatment processes is as follow's: 


Per Cent of 
Total Suspended 
Solids in Raw 
Sewage llenioved 
as Sludge 


Primary sedimentation. 40~G0 

Sedimentation following trickling filters. 26-40 

Activated-sludge process. 80^-90 

Preliminary sedimentation and sedimentation following 

trickling filters. 05-85 

Preliminary sedimentation and activated-sludge process 80-90 


The above values are reduced 35 to 50 per cent on the average by diges¬ 
tion in Imhoff tanks or separate digestion tanks. Well-digested sludge 
drains and dries more rapidly than poorly digested sludge, so that the 
efficiency of the digestion process influences the capacity of the drying- 
bed area. The percentage moisture i.t the sludge, the depth to which 
it may be placed on the beds and dewatered effectively, and the facility 
with which it drains and dries to a condition suitable for removal, all 
influence the area requirements. 

For use in connection with Imhoff tanks treating solids removed 
from sewage primary sedini'^ntation only, open drying areas of to 
1 sq. ft. per capita generally have been provided. After a survey of 
operating characteiistics of sludge beds treating Imhoff sludge at a 
number of American plants, engineers of the United States Public 
Health Service r^poHfed (6) that 

... it would appear that American conditions the majority of the 

plants require a minimum of 0.6 sq. ft. per capita, and that 0.8 or even 1 sq. 
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ft. per capita is a safer dosipjn fif^ure, fttspecinlly wlu're facilities for lagooning 
or wasting in low lands are not available, and «‘ntire. reliance must be placed 
on the beds . . . No part (»f a treatiiuuit plant is loss expensive than the. 
sludge beds. Where, area, is available, the cost of a liberal bed installation 
is but little more than the minimum reepuremonts. 

The reduction in area made posMble by the use of ghi'S enclosures 
and the relative economy incident to it have not as 3 ^et beei* adequately 
established. Goodman and Wheeler (2) comment as follows upon the 
f)peration of open and covered beds at the (lalumet works of Chicago: 

^Experimental work has bc<ui arried on at this plant to compare drying 
fui open botls and drying on glass-covered lu^ds. Tlu; glass enclosures are of 
standard greenhouse construction imilt ov«‘r two of the 17 ft. 7 in. by 66 ft. 
4 in. drying b<*ds. Two afijacent open beds t'f the same size are used for 
controls. With only the uatur* i ventdation that could lx; obtained by the 
sid|5 and top ventilatoit, tests indicated that there was practically no 
improvement over the rate of drying on open bods. After this had been 
(teinonstrated a Buffalo Foige Go. fan was installed for forced ventilation 
to replace the moisture-laden air above tlic sludge* with air from the outside, 
hi extreme winter eonditions the air is hea1<*d in an attempt to keep the 
sludg(i from freezing, but it lias been impossibh; to keep the temperatures in 
the greenhouse enclosure above* freezing at all time's with the; facilities avail¬ 
able*. During a year’s operation w’ith circulation e>f air anel heating in the 
colei months 8 dosings anel re'me)vals were maele on the e)pen beds while 12 
WTre olilained on the covereel heels. The open anel covered beds were 
operateei unfler parallel conelitions with re*gard to quality of sludge, depths 
on the beds anel moisture' eemtent at removal. Drie‘e.1 sludge w*as removeil 
from the eeivered I)e;els and controls as soe>n as praetie able. Averag * daily 
temperatures inside* tlie ceivered Ix'ds in the wdnter period did not go below 
freezing, altlK)Ugh there were several occasions whe*n the minimum daily 
temperature w^as bclow^ freezing. 

lirowme and Jones (7), on the other hand, claim that their Ohio 
experience shows that covered beds need liave only ' the area of open 
beds. They estimate the glass enclosure to cost 81.60 a square foot and 
the bed jiroper, with industrial railw^ay track, 81.00 a square foot, thus 
indicating an advantage for covered beds. Maintenance costs, how¬ 
ever, are not included in these figures. Wiili regard to the area of 
glass-covered beds required, they conimcmt as follows: 

Experiments conducted at Marion, Ohio, at various times during the past 
year [1925] on glass-covered beds, indicate that 6 in. of 92 per cent moisture 
sludge can be dried to 65 per cent moisture in 4 days, 8 in. of 94 to 91 per 
cent in 9 days, and 10 and 12 in. of 93 per cent in about 15 days. 

At Alliance, Ohio, using glass-covered sludge dr\ung beds with a partially 
digested sludge of rather poor quality, the following results were obtained 
on 10,240 sq. ft. of drying area, dosed to an average depth of 0 in.: 
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Cu. yd. of 
wet sludge 
applied 

Number of 
fillings 

1920 

2526 

14 

1921 

3560 

23 

1922 

3015 

19.6 

1923 

2910 

19.5 

Average.... 

3000 

19.0 


In 1930 the average drying period in the glass-covered beds at Dayton, 
Ohio, was 11 days during July and August, when the beds were being 
operated at about a maximum rate, and 16 days during June, September, 
October, November and December, when they were idle about 10 days, 
on the average, between the time of cleaning and time of application 
of the next dose. It is believed that, if necessary, at least 20 api)lica- 
tions a year could have been secured under 1930 weather conditions. 

The covered beds at Marion, Ohio, were designed on a basis of 
0.314 sq. ft, per capita. The plant employs Imhoff tanks and trickling 
filters. With 0.5 sq. ft. of drying area available per capita during 1929, 
20 complete dryings of sludge were obtained in 320 days on two beds 
that were set aside for the purpose of establishing performance (8). 
The loading was 15.5 cu. ft. of 92.5 per cent sludge j)er square foot of 
drying area and the sludge cake, as removed from the bed, contained 45 
to 79 per cent moisture, with an average of 65 per cent. The most 
satisfactory sludge depth was found to be 10 in. The usual drying 
period was 7 to 10 days for the whole area, except in winter, when the 
sludge remained on the beds for 30 days. During the summer months 
it was possible to dry the sludge to 10 per cent moisture. Much more 
extensive drying areas are commonly required for undigested than for 
digested sludges. It is still questionable if sludge from chemical-precipi¬ 
tation or activated-sludge tanks can be dried economically on open 
beds, except in small plants or in dry climates. Both classes of sludge 
must be spread in thin lA-yefs, in order to drain and dry, and their 
volume is so great that ft relatively large area of drying beds is required 
and the cost of operation is considerable. Areas of open beds varying 
from 3 to 7 sq. ft. per capita are mentioned in the literature for drying 
undigested activated sludge and sludge from chemical-precipitation 
tanks. An area of 1.0 sq. ft. per capita is provided at Tenafly, N. J., 
for dewatering activated sludge under glass covers. 

The loading in pounds of solids dried and removed per square foot 
of bed area annually is probably the most useful expression of the 
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work performed by a drying-bed area thus far developed, although it 
has not been employed widely. 

The loadings of sludge-drying beds during operation at various plants, 
in pounds per square foot annually, are summarized in Table 132. 
Data are not available to show how efficiently the drying-bed areas 
were operated in all cases. The loading of 69 lb. per square foot annually 
at Marion, Ohio, was obtained during a test period of one year, when 
10 beds were operated at ca])acity. 

Table 132.— Data on Loading op Sludge-drying Beds 

! I Loading, lb 


Municipality 

1 

"i'ear ! 

1 1 

1 . : 

Type of sludge 

per sq. ft. 
annually^ 

Op^n drying beds: 




Akron, Ohio. 

(1930 

Imhoff 

26.7 

/1931 

Iinhoff 

35.4 

Baltimore, Md. 

1930 ; 

, Separate digestion, pri- 

25.7 

('hicago, Ill., ('aluinot 

(1926 

; inary 

1 linhoff 

27.1 

plant. 

jl927 

Imhoff 

29.0 

Fitchburg, Mass. 

1922 

Iinhoff 

Avc. 41 

i 

i 

Flint, Mich. 

to 

1928 

Imhoff 

Max. 51 
Min. 32 
28.4 

Peoria, Ill. 

1932 

Separate digestion. 

18.5 


i 

mixed primary and 


Rochester, N. Y., Iron- 

1921- 

waste activated 

Imhoff 

36.6 

detpioit plant. 1 

San Antonio, Tex. 

1930 

1931- 

Separate digestion, 

24.4 


1932 

mixed primary and 




waste activated 

1 

Schenectady, N. Y. .. . 

1932 

Imhoff 

32.3 

Covered drying beds: 
Davton, Ohio. 

1931 

Iinhoff 

52.5 

Marion, Ohio. 

1929 

Imhoff 

69* 

Tenaflv, N. J. 

1 

Toronto, Ont., North 

1932 

Undigested waste acti¬ 
vated 

Separate digestion, 

35 

34.3 

Toronto plant. 


mixed primary and j 
waste activated 



> Dry-Holids basin. 

* Operation of beds for one year during test. 
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While the unit loads vary widely, there appears to be rather consistent 
performance, which may be valuable as a guide in future designs. For 
drying digested sludge from Imhoff tanks on open beds, the data in 


Table 133. —SLUDOB-DRyiNG Bed Area Provided in Design of Various 

Plants 



Locution of plant 

Type of bed 

Area.sq. 
ft. per 
capita 

Undigeeted sludge from primary-sedimoQta- 

Brockton, Muss. 

Open 

2.0 

tion tanks. 

Marlborough, Muss. 

Open 

3.0 


Pittsfield, Muss. 

Open 

6.0 

Imbofif sludge. 

Albany, N. V. 

Open 

0.44 


Allentown, Pa. 
Atluntn, Ga., 

Open 

1 

0.77 


Peachtree Or. plant 
Chicago, Ill.. 

Open 

0.30 


Calumet phint 

Open 

0.43 


Columbus, Ohio 

Open 

0.38 


Dallas, Tex. 

Open 

0.47 


Framingham, Mass. 

Open 

l.OO 

1 

Hamilton, Out. 

Open 



Lakew'ood, Ohio 

Open 

0.57 


Philadelphia, Pa. 
Rochester, N. \ 

Open 

0.41 


Charlotte plant 

Open 

0.33 


Irondequoit plant 

Open 

0.38 


Trenton, N. J. 

Open 

0.58 


Alliance, Ohio 

Olaas-houBcd 

0.33 


Dayton, Ohio 

Glass-housed 

0.42 


Marion, Ohio 

Glass-housed 

0.20 

Activated sludge, undigested. 

Tenafly, N. .1. 

Glass-housed, 

JO 

Imhoff sludge and dige.sted humus sludge... 

Akron, Ohio 

Open 

0.03 


Fitchburg, Ma.sn. 

Open 

0.33 


1 IP'K/mington, III. j 

II 

0.54 


! 

housed 

0.23 

Sludge from primary sedimentation. 

Birmingham, Ala. 

Open 

0.40 

digested in separate tanks. 

Hartford, Wis. 

Open 

0.58 


Lincoln, Neb. 

Open 

0.65 

Vriinary sludge and activated sludge. 

Boonton, N. .1. 

Lancaster, Pa.. 

GlHN.s-houHed 

i 

0.57 

digested in separate tanks. 

North plant 

Open 

1.40 


South plant 

Open 

0.75 


Peoria, Ill. 

Open , 

0.76 

1 

Elyria, Ohio 

Glass-housed 

. 0.33 


■Lima, Ohio 

Gloss-housed 

0.50 

_ 

Torpijtp, Ont., 




No. Toronto plant 

Glass-housed 

a.60 
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r&bl6 132 indicEts that e SEfe loEding would be 25 to 30 lb. per squEre 
foot Ennually, based on dry solids. During favorable years, beds 
designed on this basis might have surplus capacity. drying 

digested, mixed primary and excess activated sludge on open beds, the 
data from Peoria, Ill., and San Antonio, Tex., indicate that a loading 
of 20 to 25 lb. per square foot may ;be handled annually. Apparently 
covered beds may be operated with 50 to 100 per cent greater 
loadings than open beds, depending upon the characteristics of the 
sludge. 

The unit sludge-drying-b<jd areas provided in the designs of various 
plants are given in Table 133. The average unit area provided for 
drying sludge from Iinhoff tanks, when solids from preliminary sedi¬ 
mentation only are digested, is 0.52 sq. ft. per capita for the 13 plants 
with open beds and 0.34 sq ft. j)er capita for the three plants with 
glass-housed beds. TheFe figures are design allowances, which have 
not*proveil adequate in ail cases. It is knowm that the areas at Colum¬ 
bus, Rochester, Atlanta and Fitchburg are already inadequate. 

Construction Features of Diying Beds.—In Massachusetts, where 
\itermittent sand filtration is much in vogue, sludge is dried on sand 
beds similar in construction to filter beds and sometimes even on one 
of the latter reserved for this purpose. This is done, for example, at 
Marlborough and Pittsfield with primary sludge, at Brockton with 
primary and humus sludges and at Worcester with Imhoff and hunrus 
sludges. At Brockton the beds were formerly used as intermittent 
sand filters, but 2 ft. of fine sand were replaced by coarse sand in the 
case of those beds which handle primary sludge. 

In the rest of the United States, however, sludge bed.s of special 
design are generally employed. The filtering material in these beds 
is seldom more than 18 in. deep and commonly consists of 2 to 0 in. of 
sand overlying graded layers of gravel or stone. In Europe cinders 
and other porous materials have been widely used. The sand and 
gravel are generally'' laid on a natural-ground bottom, but puddled clay 
has also been employed, as at the Brighton plant in Rochester, N. Y. 
Open-jointed tile underdrains, 3 to 6 in. in diameter, laid in coarse gravel 
or stone, are generally provided and are commonly placed in trenches 
toward which the bottom of the bed slopes, as shown in Fig. 199. The 
spacing of the drains is usually adapted to the width of bed employed 
and varies from 5 to 20 ft. in practice. The authors have frequently 
laid underdrains for drying beds in the same manner as explained in 
Chap. XVIII for int/crmittent sand filtjers. According to Gregory and 
Keefer (9), trenches with side slopes of IH on 1 are preferable to 
vertical-wall trenches, since a tendency exists in the latter for dirt to be 
washed into the Underdrains. Cleanouts sometimes are provided 
at the ends of underdrains, to permit flushing them with water. 
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Some of the construction features of drying beds for sludge in Ameri¬ 
can plants are shown in Tables 135 and 136. 



Plan 


6 "a.Pjpe 


. eo-/o'’jir . 


Pipe Coiumibr&ass^Gver 


6 fUrkh^ 


•^OpenJotftk jj 


SXxfraeSmi 

Section A* A 


1 ! o Fine Sand 
II ^-SPCoarseSand 
{^"'5 fine Gravef 
^••”3 AMit/m (Amf 
- 3%6*'Coftr3e6eme/ 


Fia. 190.—Plan and section of sludge-drying beds at Presque Isle, Me. 


The drying area is commonly divided into several units or compart¬ 
ments) whose length and width are chosen so as to facilitate uniform 
distribution of the wet sludge and removal of the dried sludge. In 
small plants the width is frequently between 16 and 20 ft., a dimension 
which permits convenient loading of dump cars running on industrial 
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tracks. In large plants employing mechanical sludge-removal devices 
the width may be much greater. 

Beds over 100 ft. in length have been constructed to be fad from a 
single inlet at one end. In this connection Gregory and Keefer (9) 
state that ** ... if sludge is 12 in. deep at the inlet end of one of the 
beds constructed, which are 150 ft. long, it will often be found to be 
only about 8 in. deep at the other end.^’ The beds constructed at 
Baltimore in 1923 were made 125 ft. long and 20 ft. wide. With an 
industrial car 4 ft. wide placed in the center of each compartment, 
the maximum distance for sludge to be thrown by a man standing 
3 ft. from the wall would be 5 ft., which was believed to be readilv 
attainable. The dimensions of sludge beds may be furthermore dictated 
by the quantities of sludge that can ])e conveniently drawn at one time. 

The sludge-drying arerv ai .d its subdivisions generally are surrounded 
by low wood or eoncretf walls. These arc usually constructed of either 
creosoted cypress planks or precast reinforced-concretc slabs and arc 
supported by precast concrete posts. At Haltimo»-e the partitions 
built in 1923 were made 20 in. high, projecting in. above ^he sand 
surface. 

Sludge may be distributed to drying beds through pipes or open 
channels. The hydraulics of sludge flow are discussed in Chap. XXVII. 
The sludge is commonly diverted to the bed to be dosed by shear gates. 
A splash board or box is generally placed under the outlet. 

Covers for Drying Beds.—llie idea of covering sludge beds with a 
glass structure similar to a greenho\ise, in order to protect the drying 
sludge from rain and cold and to permit winter operation, originated 
at the Cleveland sewage-testing station in 1913 (6). Since then, 
glass-covered beds have come into relatively wide use, particularly 
in connection with heated separate sludge-digestion tanks and activated- 
sludge units. Improvement in the a])pearance of the j)Iant is an 
advantage incidental to the use of glass enclosures. Figure 200 shows 
the glavss-covered beds at the North Ton)nto plant in Toronto and 
Fig. 201 shows an interh^r view of one of the houses. 

The framework for glass covers is designed to carry the w'eight of the 
glass together wjith a substantial allowance for wind and snow load. 
A common allowance for the latter is 10 lb. per square foot for stfmm- 
heated greenhouses, but for unheated sludge beds a larger allowance 
\isually is made. A value of 30 lb. i>er square foot is used by some 
manufacturers of glass-overs. The framework, furthermore, generally 
is designed to be resistant to the actioji of the sludge gases. As a rule, 
the glass rests directly upon bars of galvanized iron or cypress and an 
acid-resisting paint, such as aluminum, is used on all woodwork and 
structural steel. The modulus rupture of single-strength and 
double-strength window glass and 26-oz, clear sheet glass is indicated 
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to be 7000 lb. per square inch by tests of the U. S. Bureau of Stand¬ 
ards. Doublenstrength window glass, 16 by 24 in. in size, is commonly 
employed in glass covers. 

Experience seems to show that the walls upon which the glass enclo¬ 
sures rest should not rise much above the projected sludge surface but 



Fig. 200.—Glass-covered sludge-drying beds at North Toronto plant, Toronto, 

Ont. 

should be sufficiently raised above the outside ground level to protect 
the glass against snow and ice. This will reduce to a minimum the 
sludge area that lies in the shadow of the walls. 

Suitable ventilating facilities are an essential feature of glass-covered 
beds, since the moisture-laden air in the enclosure needs to be displaced 



Flo. 201.—Interior of sludge^bed enclosure at North Toronto plant, Toronto, 

■» Ont. 

as often as possible by air containing less water vapor. The aii- currents 
in sludge-bed enclosures have been studied by Laboon (10) at Torrance, 
Pa. By burning smoke candles outside of such a structure, the air 
cumnts were traced as shown in Fig. 202 under varying conditions of 
natural ventilation. Under the conditions of test number 6, measure- 
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ments taken with an anemometer indicated about 18 complete air 
changes in an hour. Laboon draws thr following conclusions from 
these tests, supplemented by information obtained in experiments 
at Greenwich, Conn., and Lodi, N. J.: 

1. It has been demonstrated beyon^* question that, for i sludge bed 
enclosure of the simple double pitch'roof type, the side wall sash should 
be hinged at the top to swing inward, thus deflecting the air currents to the 
areas immediately over the sludge bed. Since the vei-tical proj(‘(!ted area of 
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Fig. 202.—Air currents in sludge-bed enclosures, as determined by Laboon. 


the opening of the side wall sash is greater in the case of the in-swinging sash 
than in the case of the usual out-swinging sash, greatei advantage can be 
taken in the former arrangement of the increased ventilation due to wind 
from the outside entering the enclosure. 

2. In sludge beds with outward opening side sash, best circulation of air 
is obtained with all ridge and side sash open. 

3. In sludge beds with inward swinging side sash, best circulation of air 
should be obtained with all but the wdndward ridge sash open. 

4. Glass side walls should be located as close to the sludge line as possible. 

6. If side sash must be placed high above sludge line, improved ventilation 

is possible with blower fans and air ducts located near the sludge line, as a 
substitution for or adjunct to inward swinging side sash. 
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A serious objection to inward-swinging sash is the danger of discharge 
of large quantities of roof water into the beds, if the sash is not closed 
during stonns. Each line of sash is generally controlled from a single 
operating point, which may be located either inside the building near 
the doors or outside the building. Much can be done by intelligent 
operation of the ventilation system toward securing rapid drying of 
the sludge and controlling odors, which, if produced, are usually asso¬ 
ciated with the first few hours after sludge discharge. Facilities for 
catching the moisture condensing upon the glass and for carrying it away 
are commonly provided. 

Some engineers prefer small roof spans, necessitating sawtooth roof 
construction, while others employ relatively large spans and thus 
secure larger air volumes in the enclosure. An objection to sawtooth 
roofs is the accumulation of snow in troughs between roofs. 

Forced ventilation by fans and heating of the air during cold weather 
have been employed experimentally at the Calumet works of Chi¬ 
cago (2). The best form of hot-air ventilation, whether by fan and 
heater units or by a central heating system and air ducts, remains to be 
determined. The glass-covered beds at the North Toronto plant have 
l)een heated by steam radiation when required to prevent the sludge 
from freezing. 

The long sides of sludge compartments may be either parallel or 
perpendicular to those of the enclosure. In the former case the doors 
are placed in the gable ends of the enclosure, while in the latter case they 
are constructed in the sides. 

The use of a roof or shelter of wood or corrugated iron, to prevent 
rain from falling on otherwise open beds during the spring and autumn, 
is reported by Emerson (11), who states that ^‘such construction has 
been used with success on small beds, the roof being built in panels 
which can easily be removed in summer when not needed for protection 
against rain.” 

At Marion, Ohio, Browne (12) lia?- recorded temperatures of the air 
outside and inside the glass-oveT;5 for the year 1927 as shown in 
Table 134. 

In general, experience seems to show that the difference in maxiinuin 
temperatures inside and outside the enclosures is about 30°F. and that 
the difference in minimum temperatures is only a few degrees. 

As previously noted, glass-covered beds are employed particularly 
in connection with heated, separate digestion tanks, in which sludge 
is produced throughout the year and, therefore, requires drying in win¬ 
ter, unless stora-ge space is provided for the wet sludge. Winter lagoons, 
or inexpensive earthen basins for winter storage, in some instances, 
however, have been resorted to during cold weather and sludge-drying 
operations have been confined to the warmer months. 
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Table 134.—Temperatures of Air in 8ludqe-bed Enclosures at 
Marion, Ohio, 1927 


Month 

Tein|)eraturo, °F. 

i 

Number of 
fair day.s 

Outside enclosure 

Inside enclosure 

Max. 

Min. 

Max. 

Min. 

Jan. 

50 

-2 

86 

14 

14 

Feb. 

67 

16 

no 

20 

12 

Mar. 

72 

17 

90 

20 

12 

Apr. 

81 

28 

104 

30 

14 

May. 

86 

35 

110 

38 

15 

June. 

93 

43 

119 

45 

19 

July. 

94 

49 

112 

53 

23 

Aug. 

91 

45 

1 120 

47 

21 

Sept. 


i 40 

1 112 

41 

23 

Oct. 

88 

1 

1 114 

34 

23 

Ko'/. 

75 

! 23 

! 96 1 

23 

:o 

Dec. 

62 

4 

86 

i 8 

I 

10 


Removal of Dried Sludge.—After sludge has dried sufficiently to 
become spadable, it is ready for remo\ al from the drying area and for 
final disposal. In small plants the beds are generally stripped by hand, 
using shovels or forks, and the sludge is hauled away in wheelbarrows, 
dump cars or wagons. In large plants mechanical sludge-stripping liiay 
be employed, as at the Calumet and West Side plants in Chicago. 

As shown in Tables 135 and 136, extensive use is made of dump cars 
running on industrial tracks. The gage of these tracks is 24 in. and 
83^-lb. rails are employed, attached to rolled steel ties. Steel rocker 
dump cars of 1-cu. yd. capacity are generally used. The cars are moved 
either by hand, by draft animals, by gasoline engines or by other power- 
driven equipment. In practice the tracks are commonly laid perma¬ 
nently in the drying beds. In wide beds more than one track to a bed 
may be employed. The spur tracks running into the beds are generally 
connected by switches to a main track laid outside the drying area and 
leading to the sludge dump or dj^posal site. Gregory and Keefer (9) 
have employed portable tracks at Baltimore, Md. Room is made for the 
tracks by removing from the sand a strip of sludge about 4 ft. wide and 
throwing the sludge to one side or the other. The temporary track is 
connected to the main track by a portable switch. Records covering 
the period from April to November, 1922, indicate that the cost of 
clearing sludge for the tracks an4 moving and laying them in beds 
125 ft. long and 20 ft. wide was $3.54 tor each cleaning, including interest 
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and depreciation on equipment, as against an estimated annual cost of 
permanent tracks of $26.72 a bed. According to these figures each bed 
would have to be cleaned 7 H times or more yearly, in order to make the 




Fiq. 203.—Equipment for cleaning sludge beds at Irondequoit plant, Rochester, 

N. Y. 

use of permanent tracks economical at the Baltimore works. In 1921 
and 1922 the drying beds received 3.02 and 5.46 fillings of digested 
sludge, respectively. Gregory and Keefer point out, however, that in 

small works with insufficient labor 
for handling portable track, 
permanent trackage may be more 
economical. 

At the Irondequoit plant in 
Rochester, N. Y., a crane travel¬ 
ing centrally over the whole dry¬ 
ing area, as shown in Fig. 203, 
lifts dump buckets from trucks on 
industrial tracks beneath the crane 
and delivers them on to the beds. 
Later, after they have been filled 
by hand, the crane replaces them 
on their trucks. 

At a number of plants glass- 
covered beds are equipped with 
overhead carriers and the sludge is 
loaded into or H-yd. buckets. 
At Elyria, Ohio, beds so equipped 
are 17 ft. wide and 87 ft. long. 
The bucket carriers are propelled 
by hand either to a loading platform, whence the sludge may 
be hauled away by farmers, or to a dump near the works. 
The structural steel of the Carrier may be incorporated in the roof trusses 



Fia. 204.—Machine used in stripping 
sludge from drying beds at Worcester, 
Mass. 
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or else left independent. The latter scheme avoids vibrations and 
pK)Ssible damage to the enclosure. Ordinarily wheelbarrows or industrial 
tracks are utilized in covered beds in much the same way as in open 
ones. In some plants the tracks are elevated above the surface of the 
bed. Some space is usually lost with this arrangement. Overhead 
monorails and bucket carriers have Jso been used with open beds, as 
at San Bernardino, Cal. 

At Worcester, Mass., old intermittent sand filters serve as sludge 
drying beds for Imhoff-tank sludge and trickling-lilter humus. There 
We 22 beds, each about an acre in area, providing a total drying area 
of 4.82 sq. ft. per capita. Sludge is stripped from these beds by a 



Fig. 205.^ —Longitudinal type of sludge-stripping machine at West Side works, 

Chicago. 

Barber-Oreene loader, shown in Fig. 204, which is driven over tlie sand 
surface and fills horse-drawn dump wagons. 

At the West Side treatment works in Chicago there are two types of 
sludge-stripping machine: ctoe type, designed by the staff of the Sanitary 
District of Chicago, removes sludge from a strip approximately 80 ft. 
wide, as the machine moves longitudinally along the walls of the bed; 
the other type, designed by Evers and Sauvage, removes sludge from a 
strip 12 ft. wide, as the cleaning element moves transversely across 
the bed. 

The Sanitary District type of machine, shown in Fig. 205, is equipped 
with a set of fork-like prongs or fingers, which pass under the sludge and 
break up the cake as the machine moves forward. The fingers are H-in. 
round curved rods, tapered to a point in 4 in. and spaced 2 ^ in. center 
to center. The fingers are set at the bottom of an inclined steel apron, 
up which the broken cakes of sludge are pulled by a continuous drag 
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scraper. At the top of the incline the sludge drops on to a traveling 
belt, which discharges it into standard-gage railway cars along the side 
of the bed. The cleaning devices are mounted on a framework of two 
main lattice girders, suita})ly cross-braced. The machine is operated 
by a gasoline-driven generator set, which drives various electric motors. 
It is designed to have a forward speed for cleaning of 3 to 6 ft. a minute, 
with a reverse speed of 90 to 100 ft. a minute. The designed capacity 
is about 4 >2 cu. yd. of sludge a minute. 

In the Evers-Sauvage type of machine, shown in Fig. 206, the cleaning 
element consists of an adjustable frame carrying an endless chain of 



Fig. 206 . —Transverse type of sludge-stripping machine at West Side works, 

Chicago. 

buckets. The cutting edges of the buckets, which are equipped with 
cast-iron teeth, advance into the sludge layer where it rests on the sand 
and then turn upward, lifting the pieces of sludge and discharging them 
on to a belt conveyor. After the machine has cleaned a transverse 
strip of the bed, it moves sideways and makes a new cut. The speed 
of the cleaning element wWle removing sludge is 30 to 73 ft. a minute 
and on its return fora cut the maximum speed is 173 ft. a minute. 
The bridge on which the machihe is mounted has a designed working 
speed of 30 ft. a minute, with a speed of 100 ft. a minute on the return 
trip. This machine, like the Sanitary District type, is driven by a 
gasoline-motor generator set. 

Statistics ^ Sludge-dryi^ Beds.—A summary of the design charac¬ 
teristics of open sludge-dr 3 dng beds at various plants is given in Table 135 



Table 135. —Design Characteristics of Open SmDGE-DRiiN^G Beds 


SLUDGS-DRYING BEDS 


733 


Baltimore. 

Md. 

"5 i ’ll 

*1 

ii 

C c 

track and 
oars 



& . jo.S^.9 ..g* .s"g 1 1 

•2a S2'a\fc 1 g g 

^ -s ^ 

’ 

$ 

M 

li =i‘x 5%W4^'ji J 

A " ^ 4'. S ^ 

1* 

fslii 

8«o<s 

^5.1 

i 

^ - “d ^ J 

{** oocc ^ *5 £ _.S 

i'S si.slslsl'^ s : 

^ Q S » 

1 1 
I 

■ffli 

2 3 o 8 

’“IS 

dj 

< 


! a 

^ ;2 

c*! 

U| 

Trenton, 

N. J. 

§r^*§ 

b s-*-® .a-d-^ . ; ; . : : :7i 

S. XOM., ^vwc . •* 

3*0 . ■. 

■p °£ 2 "ilX- : ; ; ; ; ij 

He 

l|i 

Allen¬ 

town, 

Pa. 

§oo*§ 

a osc2 .a4J c c .3 krf •! 

a'S X c? ^ oei 

He 

ir 



■a 

es 

E :■ 

S'd 

P fs 

111 

§5 

Fitchburg, 

Mass. 


111 S?i-x :|-S| I : : 

pi 1 :|S| ilM 

"o 22 

11® 

Rochester, 
N. Y., 
Cluuiotte 
I^ant 

Isl 

©o 0 73 d d 

i-S ”I''XX3'-|5|» « 

• 9 W O * CC O 2 S «Oh»C« 

£ •” !l Jl|“l 

1 



W 

1 1*2 
r - a IJ-^I 

■g « 

i ~ 



ij i 

Source of stodge. 

Area, sq. ft per capita. 

Total area of beds, sq. ft. 

Number of beds. 

Length by uddth, ft. 

Depth of bed, in. 

Fit icring material. 

Underdruns: 

Diameter, in. 

£^>aoing, ft. 

Grade, per cent. 

hGi. depth to invert, in.... 

: *5 .• 

i|0 

; 1 H 

IP-, 

1 

a 

> 
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* Humus sludge may be discharged into Imhoff tanks. 









































Table 136. —Design Characteristics of Glass-covered Sludge-drying 
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i Comprising 0.23 sq. ft. per capita under glass cover and 0.54 sq. ft. open. 
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and a similar tabulation with respect to glass-covered beds is presented 
in Table 136. 

Operation of Sludge-drying Beds.—Operation of drying beds which 
handle Imhoff sludge at the Irondequoit plant in Rochester, N. Y., has 
been described by Ryan as follows (13): 

The drying season usually extends from Apr. 15 to Nov. 15, the best 
drying weather occurring during the months of June, July and August. 
The number of removals possible varies from six to ten per season, depend¬ 
ing on the precipitation. Also, the depth of wet sludge drawn to the beds 
is varied during the year. Eight inches appears to be the best depth from 
April to June, and September to Novetnber. During the midsummer 
months, the depth is increa.sed to 10 in. and the last drawing of the year is 
made about 20 in., inasinucli as the sludge remains on the beds during the 
winter. 

With the adverse dryjug conditions, it is necessary to lagoon a portion of 
the sludge produced. . ' . At Rochester, the drying time is about 12 days 
in summer and 20 to 30 days during the spring and fall months. 

A summary of operating data on sludge drying at the Irondequoit 
plant for the years 1924 to 1929, inclusive, is given in Table 137. 


Tablk 137.—Operating Data on Disposal of Imhoff Sludge, 
Irondequoit Treat.ment Plant, Rochester, N. Y. 


1 

1924 

1925 

1926 

I 

1927 

1928 

1929 

W'et sludge drawn from 

Imhoff tanks, cu. yd. 

26,696 

25,056 

21.710 

22,935 

28,9W2 

26,436 

Drawn on drying beds, cu. yd. 

24,174 

22.230 

14.400 

19,584 

18,294 

24.096 

Lagooned, cu. yd. 

2,622 

2.826 

7,310 

3,351 

10,638 

2,340 

Moisture, per cent. 

90.0 

90.9 

90.8 

91.9 

93.5 

92.7 

Nitrogen, per cent, dry basis. 

1.99 

2.06 

1.99 

2.06 

2.21 

2.33 

Volatile solids, per cent, dry basis... 

44.2 

44.7 

47.2 

43.1 

48.2 

47.9 

Ether-soluble matter, per cent, dry 
basis. 

9.7 

12.7 

11.4 

13.4 

12.8 

12.5 

Dry sludge removed from beds, cu. yd . 

8,294 

6.923 

5,831 

7.648 

5.612 

6,904 

Moisture, per cent. 

57.0 i 

57.2 

56.0 

56.7 

66.6 

67.4 

Number of removals. 

11 

8.6 

6 

10 

8 

10 

Reduction in volume on beds, per cent 

66 

69 

59 

61 

69 

71 

Revenue from sale of sludge. 

$961.00 

'$391.50 

1 

$337.40 

$253.00 

$423.50 

$640.50 


The operation of sludge-drying beds which dewater digested sludge 
from Imhoff tanks at Akron, Ohio, has been summarized by Back- 
herms (14) as shown in the table at the top of page 736 for the years 
1930 and 1931. 

A summary of operating data for the Fitchburg drying-bed area 
during the years 1923 to 1927^ inclusive, as compiled from the annual 
reports of the Commissioner of Public Works, is given in Table 138, 













736 


AMERICAN SEWERAGE PRACTICE 



1930 

1 

1931 

Sludge applied, cu. yd. 

27,062 

46,953 

Sludge applied, tons, dry-solid basis_ 

2,170 

2,890 

Moisture in wet sludge, per cent. 

91.3 

92.9 

Moisture in dewatered sludge, per cent. 

64.6 

47.6 

Average number of cleanings. 

5.5 

10.3 

Average time on beds, days. 

Loading on beds, lb., dry basis, per sq. 

30 

30 

ft. annually. 

26.7 

35.4 

Sludge removed, cu. yd. 

7,000 

13,325 

Operating cost: 



Labor. 

$3,814 

258 

$6,435 

299 

Materials and supplies. 

, Total. 

$4,072 

$6,734 

Per cu. yd. of sludge removed. 

$0.58 

$0.50 


The drying beds receive primary sludge and humus sludge after digestion 
in Imhoff tanks. The sludge which is not dried on the beds is discharged 
into a sludge lagoon. 

Table 138.— Data on Operation of Sludge-drying Beds at Fitchburg, 

Mass. 



1923 

1924 

1925 

1926 

i 

1927 

Tributary population. 

38,900 

38.900 

40,000 

40,000 

40,000 

Average number of times dosed.... 

8.09 

6.36 < 

6.36 

3 

3.46 

Volume of digested sludge applied. 






gal. 

1,003,899 

8.36,168 

813,347 

466,881 

670,446 

Depth of application, in. 

10.94 

11.89 

11.04 



Percentage of sludge pumped, 






dried on beds. 

86 

100 

82 

68.2 

66.6 

Specific gravity of sludge. 

1.0241 

1.061 

1.063 

1.049 

1.062 

Total solids, per cent. 

8.41 

14.22 

13.06 

14.19 

13.68 

Dry solids applied, tons. 

366.62 

469.82 

436.11 

291.06 

346.21 

Organic matter, per cent. 

61.94 

38.72 

36.78 

35.36 

33.70 

Number of times beds cleaned.,.. 

6.36 

4.82 

4.00 

2.27 

3.09 

Volume of sludge removed, cu. yd^ 

[ 1193.26 

1498.29 

1262.50 

844.76 

992.26 

Totid solids, per cent. 

48.28 

68.24 

54.64 

60.03 

66.07 

Coet of operation and maintenance^ 

81,079.49 

81,412.14. 

8904.43 

8779.46 

81,601.53 

Cost of cleaning: 






Total.. 

8663.29 

8881.64 



81.047.08 

Per cu. yd. 

80.66 

80.69 



81.06 

Area, sq. ft. j>er capita served_ 

0.46 

0.46 

0.46 

0.46 

0.46 


^ Including administration, laboratory, care of grounds and miscellaneous expenditures 
not directly chargeable to any one account, divided pro»rata among all accounts. 
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The operation of the glass-covered sludge-drying beds at Dayton, 
Ohio, treating Imhoff sludge, is summarized for 1931 by Tatlock (16) as 
follows: 



, ! 

i Sludge 1 

added to | 

beds t 

1 

Sludge 
removed 
from beds 

Total volume, cu. ft. 

1.388,500 

297,400 

Moisture, per cent. 

1 95.2 j 

63.0 

Specific gravity. 

! 1.009 

0.732 

Total solids, dry basis, tons. 

2.515.6 

2,108.7 

Volatile solids, per cent. 

i 58 

55 

Ether-soluble inattb.', iier cent.. . 

■ 12 

: 9 

Total nitmgen, per cent. 

! 3.40 

! 3.11 

Depth, in. 

! . 9.0 

i 1.6 

Ixiading, lb. of solids per sq. ft. 

1 


annuallv. 

' 52.5 



Cost of removal: Total.i $4,110.30 


Per cu, yd. $0.37 

Per ton of solids, dry basis. $1.95 


Table 139.— Results of Operation of Glass-covered Sludge-drying 
Beds at North Toronto Plant, Toronto, Ont. 


Month 

Sludge a» applied to bed.s 1 

Days 

1 until 

1 re- 
1 moved 

1 

! 

Sludge as removed frou' beds 

1 

.\ver- 

age 

depth, j 
in. , 

1 

Cu, ft. 
daily 

1 

Moi»- ! 
! t ure, 

per 

cent 

i 

1 

1 

: i 

L()ad- j 
ing, dry 
basis, ^ 
lb. 

daily 

i 

,\ver- 

age 

depth, 

in. 

1 

Mois¬ 

ture, 

per 

cent 

1 

Shrink -1 
age, 

per 

cent 

1 

Yield, 
dry 
basis, 
lb. per 
sq. ft. 
daily 

June, 1930. . 

12.5 

1321 

! 91.7 

7093 

! 13.3 , 

i 1 

1 74.5 

' 50.2 

0.394 

July. 

11.8 

1106 

91.7 

4997 

12.3 1 

t 5.6 ! 

77.9 

63.2 

0.278 

Auk. 

10. t 

791 

92.6; 

3823 

1 15.3 

5.2 i 

72.0 i 

48.5 

0.212 

.Sept . 

8.1 

856 

93.4 

3643 

13.1 

3.9 1 

75.4 

52.1 

0.202 

Oct . 

8.6 

715 

93.9 

2377 

1 13.6 

4.1 

82.3 

54.9 

0.132 

Nov. 

7.7 

846 

95.4 

2370 

10.3 

3.6 

84.7 

52.9 

0.132 

Dec. 

7.5 

701 

94.8 

2315 

14.0 

3.2 

85.0 

45.0 

0.129 

Jan., 1931... 

6.9 

406 

95.3 

1209 

17.6 

3.4 

82.6 

50.8 

0.067 

Keb. 

9.3 

322 

94.0 

1235 

22.6 

5.2 

81.3 

51.5 

0.069 

Mar. 

8.8 

658 

93.3 

2810 ' 

16.4 

5.1 

79.9 

42.9 

0.156 

Apr. 

9.1 

827 

92.4 

4060 

10.9 

5.6 

78.3 

38.0 

0.226 

May. 

10.3 

1095 

94.4 

3916 

14.3 

5.2 

81.7 

45.1 

0.218 

Average. 

9.2 

i 804 

i 

93.6 

3321 

15.0 

4.7 ! 

79.6 

; 48.8 

i 

0.186 
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The results of operation of the glass-covered beds, handling digested 
primary sludge and activated sludge, at the North Toronto plant for 
the year ending May 31, 1931, are given in Table 139. 

At San Antonio, Tex., open drying beds are utilized for drying digested 
activated sludge and primary sludge. Data on the operation of this 
drying-bed area are given in Table 140 (16). In this table the daily 
average yield of the beds has been computed per square foot for each 
month, based upon the quantity of dry solids removed from the entire 
drying-bed area in that month. 

Another method of computing the yield, which gives, perhaps, a 
more accurate measure of the work |)erformed by the drying area in 
any month, takes into account the number of months or parts of months 
during which sludge has remained on the beds before removal. For 
example, if it is assumed that sludge applied to the beds in July is removed 
in September, instead of crediting to the month of September all the 
sludge removed in that month, it may be more accurate to credit a 
large portion of the drying of that sludge to the month of August and 
another portion to July, the respective portions being based on the 
percentage of the total drying period falling in each month. If the 
3H[eld is computed in this manner, as has been done in Table 139, 
the results may vary considerably from those obtained by the method 
used in Table 140. 


Table 140.—Data on Operation of Sludge-drying Beds at 
San Antonio, Tex. 


\ 

Month 

Aver¬ 

age 

tem¬ 

pera¬ 

ture, 

®F. 

Total 

rain¬ 

fall. 

in. 

Number 
of beds 

j 

Moisture, 
per cent 

Depth, in. 

Dry¬ 

ing 

time, 

days 

Yield, 
dry basis 

Fill¬ 

ed 

1 

Cleaned 

Wet 

De¬ 

water¬ 

ed 

Wet 

De¬ 

water¬ 

ed 

Tons 

Lb. per 
sq. ft. 
daily ^ 

Apr., 1931. 

64.2 

2.28 

20 

32 

96.03 

71.0 

9.0 

4.0 

13.6 

78.0 

0.062 

May. 

72.6 

1.36 

35 

30 

96.21 

72.4 

9.0 

4.0 

14.8 

64.2 

0.049 

June. 

81.2 

3.10 

37 

25 

91.12 

63.3 

9.0 

4.0 

11.0 

72.6 

0.068 

July. 

82.6 

3.09 

64 

37 

96.93 

68.1 

9.0 

4.0 

14.0 

109.7 

0.084 

Aug. 

82.0 

0.30 

63 ] 

46 

96.28 

48.1 

9.0 

1 4.0 

16.7 

112.0 

0.086 

Sept. 

83.2 

0.01 

7 ?, 

81 

96.65 

37.8 

9.0 

4.0 

14.3 

174.6 

0.138 

Oct. 

78.0 

0.75 

66 

68 

96.73 

63.6 

.10.0 

4.5 

13.7 

127.0 

0.097 

Nov. 

66.6 

0.72 

47 

49 

96.70 

61.6 

10.1 

4.0 

21.2 

103.7 

0.082 

Dec. 

66.2 

2.79 

17 

14 

96.69 

59.2 

9.8 

4.6 

47.7 

27.3 

0.021 

Jan., 1932.. 

66.4 

3.30 

22 

27 

96.72 

64.4 

11.4 

4.6 

63.2 

62.2 

0.040 

Feb. 

63.0 

1.86 

37 

36 

96.28 

65.8 

9.9 

4.2 

33.3 

65.6 

0.064 

Mar. 

67.4 

1.06 

10 

18 

96.00 

46.1 

6.2 

4.6 

34.2 

38.9 

0.030 

Total for yr. 


20.61 

471 

452 






1026.6 


Average 












month... 

70.1 

1.72 

30.2 

37.7 

96.86 

68.4 

9.3 

4.2 

23.9 

86.6 

0.067 


1 Bsaed on Qolid« removed from bedn and a total area of 84,000 eq. ft. 
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The drying area provided at Brockton, Mass., for primary and humus 
sludges is about 2 sq. ft. per capita, a total area of about 3 acres being 
reserved for sludge drying. 

The operation of the Brockton sludge-drying beds may be summarized 
from the annual report of the Sewersge Commissioners. During 1929, 
the sludge removed from the prirhary tanks amounted to a total of 
2,430,000 gal., equivalent to 2180 gal. of sludge per million gallons of 
sewage treated. The sludge contained 93.78 per cent moisture and 
6.22 per cent solids, of which 84 per cent were volatile. The sludge 
after drying on sand beds contained 40.69 per cent moisture and 
59.31 per cent solids, of which 23.3 per cent were volatile. The dried 
sludge removed from the beds amounted to 3165 cu. yd., a reduction of 
73.5 per cent. The quantity of sludge removed from the humus tanks 
was 539,300 gal., or 58»5 gal. per million gallons of sewage treated in 
the trickling filters. This sludge had a moisture content of 93.03 per 
cent and the volatile solids amounted to 60 per cent on a dry basis. 
The humus sludge was dried on sand beds, the average percentage 
moisture of the dried sludge being 19.76 and the volatile solids '•ompris- 
ing about 20 per cent on a dry basis. About 670 cu. yd. of dried sludge 
were removed from the beds. The sludge was largely disposed of by 
filling in swampy areas, although some of it w^as given to farmers for u^e 
as a fertilizer. The cost of removing sludge from the beds was »$2900, 
equivalent to $0.76 per cul)ic yard of dried sludge removed. 

Donaldson (17) asserts that the addition of 1 to 2 lb. of copper sulfate 
to each 1000 gal. of sludge assists materially in controlling odors from 
undigested activated sludge at Tenally, N. J. 

Costs of Construction. Maintenance and Operation of Sludge-drying 
Beds.—The construction cost of open sludge-drying beds is affected 
materially by the excavation necessary to level off the tract, the under- 
drainage system required, the depth of filtering material provided, the 
availability of filtering materials and the equipment provided for sludge 
removal. Based on prices prevailing from 1926 to 1929, inclusive, the 
cost for open beds varies from $30,000 to $50,000 an acre. Industrial 
locomotives cost $2,500 to $3,500, industrial cars $150 to $200, and 
industrial track about $1.00 a linear foot. I'he cost of sand and gravel 
may amount to 25 to 35 per cent of the total cost of open beds. This 
material may cost $2 to $5 a cubic yard in place. 

The cost of standard greenhouse construction for sludge beds averages 
about $1.60 a square foot. The average total cost of covered beds, 
including trackage, is about $2.75 a square foot. 

The principal maintenance cost of sludge beds is in the replacement of 
sand. At 3^ in. a year and $5.00 a cubic yard, this cost would be about 
$350 an acre annually. No inforiaation is available on the cost of 
maintenance of sludge-bed glass-overs. 
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The main item in the operating cost of sludge beds is the removal of 
the sludge. For large plants with mechanical sludge-removal equip¬ 
ment, the cost of sludge removal may be $0.25 to $0.50 a cubic yard. 
Where sludge is removed by hand labor and deposited in industrial 
cars, the cost may be $0.50 to $1.00 a cubic yard. The sale of sludge 
as fertilizer, which may effect a reduction in the cost of sludge treatment, 
is discussed in Chap. XXVII. * 

Irving (18) has studied the costs of operating sludge-drying beds at 
a number of plants and reports that they vary from $1.54 to $4.21 per 
ton of sludge, on a dry basis. He estimates the total costs, including 
fixed charges, at $4.10 to $9.84 per ton of sludge, on a dry basis. With 
60 per cent moisture in the dried sludge and a weight of 1600 lb. per 
cubic yard, the operating costs, based on Irving’s figures, would be 
$0.49 to $1.35 per cubic yard of sludge removed from the beds, excluding 
fixed charges. 
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CHAPTEP XXIX 


MECHANICAL DEWATERING AND DRYING OF SEWAGE 

SLUDGE 

Although sludge is most commonly dried on sand beds, other methods 
of dewatering sometimes are Uf.ed, such as filtering with or without addi¬ 
tional pressure or vacuum, dewatering in centrifuges, flotation and spray 
drying. After sludge has been partially dewatered, either on drying 
beds or by mechanical a, its moisture content is sometimes reduced 
further by the use of heat. 

XDonditioning Sludge for Mechanical Dewatering.—Before taking up 
the dewatering of sludge by filtering it through cloth, consideration will 
be given to some of the factors entering into the problem. These are 
illustrated by investigations conducted at Milwaukee, Wis., Chicago, 
III., Pasadena, Cal., and elsewhere, relative to the prefiltration treatment 
of sludge for the purpose of facilitating filtration. 

The objects of sludge conditioning are to change the subdivision of 
sludge particles so as to cause the smallest particles to unite and form 
aggregates or large particles, that will not penetrate the interstices of the 
filtering medium and clog it and thus, as well as in other ways, to 
increase the drainability of the sludge. This clogging is kn^ wn as 
^Mjlinding’^ of the filter cloth. From a consideration of the principles 
of colloid chemistry there are several methods of sludge conditioning 
that tend to improve filtration, including changing the H ion concentra¬ 
tion of the sludge, adding chemical coagulants to the sludge, heating 
the conditioned sludge and adding physical absorbents to the sludge. 

Wilson, Copeland and Hcisig (1) reported on sludge dewatering as 
follows: 

Careiul studies of the effect of hydrogen ion concentration upon the rate 
of filtration of sludges obtained throughout the year made it evident that 
hydrogen ion control, tremendously important in itself, is not the only factor 
vital to the efficient operation of the plant. Sludge obtained during Febru¬ 
ary, when the temperature of the raw sewage was 12®, required eighteen 
times as long to filter as sludge obtained during August, when the tem¬ 
perature had risen to 21°, even though each sample was brought to its 
optimum acidity before filtering. 

The relative condition of the sludge at Milwaukee for filtering during 
the first eight months of 1921 is shown in Fig. 207. The curves cannot 

741 



742 


AMERICAN SEWERAGE PRACTICE 


be used as a measure of the effect of temperature alone on the condition 
of the sludge for hltering, because of the changes in character of the 
sludge during the time of the tests, but they are indicative of the effect 
of temperature. 

The use of chemicals for conditioning activated sludge prior to filtra¬ 
tion was tried as early as 1917 at the Stock Yards testing station in 
Chicago (2). There the addition of sulfuric acid to the sludge was 

found to increase materially the yield of 
j)ress cake. In 1923 alum was used for 
the same purpose in tests at the Des 
Plaines treatment works in Chicago. 

Inexperience with the addition of 
chemical coagulants to the sludge at 
Milwaukee has been summarized by 
JIatton, Kadish and lleisig (3) as follows: 

Of the several conditioners which liiive 
been investigated, the following appear to 
give the best results and are most sati.s- 
factory from both a practical and economic 
standpoint: 

Sulfuric acid 
Aluminum sulfaU; 

Ferric chloride—sulfate solution 
Ferric chloride—commercial 
Sulfuric acid and heat. 

Each of these chemicals has bcMUi applied 
alone, or combinations have hvvn used to 
me(‘t. the varied characteristics of tin* sliidgi*. 
Certain definite optimum pH values have be(Ui established for each con- 
<litioner. These values niusl lx* maintaineil in ord(‘r to get the greatest 
filtering efficiencies. The following optimum pH values maintain through¬ 
out the several yeurl}^ sea.sons: 

Conditioner 

Sulfuric acid. 

Aluminum sulfate. 

Ferric chloride--sulfate .solution. 

Sulfuric acid—aluipiuuTn sulfatc'. 

Sulfuric acid—ferWe chloride—sulfate 

C^onsidejable work was also done by adding sulfuric acid to the raw 
c.old sludge, then heating the mixture to from 120 to 180‘’F. Very satis¬ 
factory results were thus obtained in the laboratory and on the small 
preliminary testihg unit, and from these results the main plant was pro¬ 
vided with equipment to thus condition the sludge during the season of low 
temperatures. * 


Optimum pH value 

. 3.3 

. 4.4 

. 3.3 

.•. 3.9 to 4.1 

. 3.3 



Fig. 207.—Changes in con- 
^lition of activated sludge at 
Milwaukee from January to 
August, 1921. 
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This equipment failed to function satisfactorily, and after considerabJe 
experimentation upon other types of heating equipment, the idea of heat¬ 
ing the sludge was abandoned as impracticable and uneconomical. In 
substitution for this, equipment was installed for the preparation and use of 
ferric chloride-sulfate solution—for sludge conditioning. 

Recently many experiments have hocm conducted witii commercial 
ferric chloride. Results have indicated filter-cake yields of 60 per cent in 
excess of any obtained with the prepared ferric chloride--!erric. sulfate 
solution. Experiments have been entirely confiiKnl to the laboratory 
experimental filters, which ar(^ miniatures of the large filters; however, 
enough investigations have been made to insure the success of its use as a 
satisfactory sludge conditioner. It is hoped that in the near future com¬ 
mercial ferric chloride can be manufactured at siudi a price as to make it 
jK^ssible to use it in the Milwaukee plant. . . . 

Yields from the filters yai’t’ C<'iisideiably throughout the several seasons 
and vary for each of tae comliUoriers employed. Using the several 
c<jnditioner8 described in the foregoing, the yield has been maintained 
at a minimum of five tons per filter per day, based ui weight of dry 
material, under the worst conditions of fdtration. As the surface of 
each filter contains 500 sq. ft., the minimum production amounts to 
.014 lb. of dry material per minute per square foot of filter cloth. 

It has always been the practice in the Milw^aukee laboratory to record 
the filter yield on the basis of the weight of the material produced after 
passing the drier. This overcomes recording the different moistures 
in the cake and comparing on that basis. 


I Yield in dry tons per 


Conditioner used 

mter per aay 


1 Maximum 

Minimum 

Sulfuric acid, alone. 

' 8 

5 

Aluminum sulfate, alone. 

1 10 

5 

Ferric chloride-sulfate. 

15 plus 

5 

Ferric chloride—commercial: experi¬ 
mental filter results. 

1 

20 

5 


The fact that ferric salts, jiarticularly ferric chloride, greatly facilitate 
filtration appears to have been discovered by Palmer. From compara¬ 
tive filtration tests in the laboratory, using equal weights of conditioning 
chemicals, 10 lb. per 1000 gal. of sludge in each case, Mohlman and 
Palmer (4) concluded that the order of effectiveness of the different 
substances employed was as follows: ferric chloride, ferric nitrate, ferric 
sulfate, aluminum chloride, aluiriirum nitrate and aluminum sulfate. 
Ferric cUoride yielded the best results. Later tests indicated that with 
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an equivalent weight of iron or aluminum the chlorides filtered most 
rapidly, while the nitrates came next and the sulfates were slowest in 
filtration. In all instances the ferric salts were superior to the corre¬ 
sponding aluminum salts, while the best results obtained with any of the 
aluminum salts, namely, chloride, were but slightly better than the 
poorest of the ferric salts, ferric sulfate. Further tests with a small filter 
leaf, covered with the same material as used on an Oliver filter, yielded 
the results shown in Fig. 208. Plant-scale tests at the Calumet works 
with an Oliver filter showed an increased yield of 60 to 100 per cent for 
iron salts over aluminum salts. With either alum or iron salts the 


Lb. 1 ron per 1,000 Gol .Sludge 



Lb of Conditioner per! OOO60I Sludge Lb of Cc-ndit'cner pc r i,o6o Col Sludge Lb Copper«iChlorinoti>d)per I.OOOCal l^udge 
(«) (6) (c) 


Fig. 208.—Results with various coagulants in conditioning activated sludge 
for filtration.* (a) Calumet plant 2/14/26. Tank 26. Moisture, 97.75 per 
cent. Using copperas, filter alum and chlorine. (5) Des Plaines plant, 2/16/26. 
Tank 3. Moisture, 97.82 per cent. Chlorinated copperas and filter alum, 
(cl Calumet plant, 7/16/26. Tank 26. Moisture, 96.80 per cent. Ferric 
chloride, chlorinated copperas and ferric sulfate plus salt. 

moisture in the cake was practically the same. The average yield 
during 1926 for all iron runs was 0.032 lb. of cake per square foot 
a minute, corrected to 10 per ceitt moisture, as comj)ared with a 
corresponding yield of 0.020 lb. with alum. 

The value of ferric chloride as a conditioning agent was subsequently 
substantiated at Milwaukee, where it is used to condition winter sludge 
for hltering (5). The effect of various chemicals upon the rate of filtra¬ 
tion of activated sludge determined at Milwaukee is shown in Fig. 209. 
According to Cramer and Wilson, where it is necessary to multiply the 
relative filtering efficiency of the sludge by 5 or less, sulfuric acid is 
the cheapest conditioning agent; for greater values ferric chloride is 
cheapest.’' 

At Pasade^, Cal., alum has been employed together with a physical 
adsorbent in the form of diatomaceous earth in conditioning activated 

* TeBts made with filter leaf, H t»q. it. in area, using u vacuum of 26 in. of mercury. 
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Kludge for filtration (6). The dosage reprjrted was about 11 lb. per 
1000 gal. of sludge, or 16 per cent by weight, of diatomaceous silica on 
the basis of the dry finished product, and 8 to 12 lb. of alum per 1000 gal. 
of sludge. Other so-called “filter aids,” such as oil-gas carbon, spent 
oil shale and coke breeze, were recorded as yielding results inferior to 
those obtained with diatomaceous earth. In the absence of diatomace¬ 
ous earth the filter cake produced by alum treatment alone contained 
5 i^er cent more moisture. 



Mg. Anhydrous Chemical Added per Gram Dry Solids in Sludge 

Fuj. 209.— Kffect of different chemicals upon the rate of filtration of activated 

sludKe. 

lOxtensive experiments on the conditioifing and dewatering of activated 
sludge have been conducted at Houston, Tex. These are summarized 
by Fugate and Stanley (7) as follows: 

The selection of the conditioner seems to be one of the most important 
factors of the whole process of sludge dewatering. Sulfur dioxide gas and 
sulfuric acid gave indifferent results at Houston, while aluminum sulfate and 
chlorinated copperas were efficient and the choice between the two is only a 
question of price. It was consequently decided to install suitable equip¬ 
ment for chlorinating copperas, as well as storage facilities for handling 
aluminum sulfate. 

The pH at which Houston activated sludge filtered best was as follows: 

1. For sulfur dioxide, pH between 3.2~3.6. 

2. For sulfuric acid, pH 3.4. 

8. For aluminum sulfate, between pH 4.4 and 4,8. 

4. For chlorinated copperas, pH 5.4 was the optimum point. 



746 


AMERICAN SEWERAGE PRACTICE 


It was found that at a high pH ‘^miidding^* of the cloth occurred. This 
was caused by wet sludge smearing over the surface of the cloth and stopping 
filtration. On the other hand, low pH caused white spotting. This was a 
peculiar condition of cloth when the conditioner used nested as a mordant 
and fixed certain colloidal substances in the pores of the cloth, thus checking 
the rate of filtration. Both conditions were quite detrimental to the suc¬ 
cessful operation of the filter. 

Acidifying activated sludge with phosphoric acid, which is of fertilizing 
value, proved to be uneconomical at Milwaukee because most of the 
acid passed off in the filtrate (8). 

Lime was first employed many years ago in connection with the filter¬ 
pressing of sludge from chemical-precipitation and septic tanks. It was 
observed that well-limed sludge pressed more readily than unlimed or 
poorly limed sludge. At Providence, R. I., and Worcester, Mass., 
20 to 30 lb. of lime per 1000 gal. of chemical-precipitation sludge were 
added for msiny years and as much as 100 lb. has been required for sludge 
from septic tanks. 

During the early experiments in dewatering activated sludge in 
Worthington and Simplex plate presses at Milwaukee, Copeland (9) 
found that lime accelerated the process of pressing and, therefore, 
reduced the time consumed. However, the lime added mineral matter 
and decreased the value of the sludge by driving off nitrogen. 

In July and August, 1932, Keefer and Cromwell (10) conducted tests 
on the dewatering of digested sludge with an Oliver filter at Baltimore. 
One series of tests was made to determine the capacity of the filter when 
using different quantities of ferric chloride as a coagulant. As a result 
of these tests, it was estimated that, for the type of sludge handled, 
8.0 lb. of ferric chloride would be needed for each 100 lb. of dry solids, 
with a production of 14 lb. of dry solids an hour per square foot of filter 
area. Another group of testa was made in order to find out to what 
extent the quantity of ferric chloride could be reduced if lime also were 
used as a coagulant. In these tests, when using about 5^^ lb. of ferric 
chloride and 14 lb. of lime to 100 lb. of dry solids, a production of about 
13 or 14 lb. of dry sludge scjlids an hour per square foot of filter area 
was obtained. The estimated cost of dewatering sludge similar to 
that filtered during the tests was $5.00 per ton of dry solids, when using 
ferric chloride alone a coagulant, in comparison with $5.60, when 
using both ferric chloride and lime. 

In the past few years efforts have been made to find some augmenting 
or cheapening agent to use with ferric chloride in conditioning sludge. 
From laboratory experiments made during 1931 and 1932 at Chicago, 
Mohlman and Edwards (11) have drawn the following conclusions: 

Substantial reduction was obtained in the amount of ferric chloride 
required by fresh sludge, by addition of a small amount, 1 per cent or less* 
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of sodium dichroiiiato. ... A large saving in ferric chloride cm digested 
sludge, was indicated by the use of lime, following ferric chloride treatment, 
in amounts sufficient to raise the pH to 9.0 or more. Paper piiip seemed to 
have some value as a filtcT aid if used in large amounts, (Mpial to 60 per cent 
or niore of the weight of dry sludge solids. Moderai-e heating, from 72 to 
90°r,, before addition of ftirric chloride unproved filtr.ntion of fresh solids 
(|uite noticeably. 

With reference to conditioning sludge for filtration Edwards (12) 
states that, 

. . . after a great deal of experimentation, most plants have adopted the 
use of ferric chloride as the be.sf. of the conditioners, especially since the 
prie,e has been materially nKluced. Although in 1926 the cost of ferric 
(rhl< ride, dry basis, was .^180.00 to $200.00 per ton, (.-hicago and Milwaukee 
are now paying afioiit $40.(ll», delivered. Pasadi'iia is using ferric cdiloride 
with diatomaceous earth and Charlotte, ferric sulfate. . . . The York 
Towiiship (Ontario) plant has been using paper pulp as a filter aid both with 
• and without lime and the plant at Hagerstown, Maryland paper pulp and 
lime for conditioning a mixture of activated sludge, fresh solids and fine 
s reenings. 

Elutriation of Sludge.—Experiments have recently been conducted 
by (center (13) at Baltimore on tlie elutriation of sludge preparatory 
to inecbaiiical dewatering. The elutriation j^roeess is based on (ienter’s 
conclusions that soluble amino and ammonia comiiounds in sewage 
sludge an^ detrimental to the economical coagulation of the colloids bj" 
the chemicals used for dewatering. The object of the process i‘' to 
reduce the proportion of these ammoniacal compoundsin the sludge 
before treating it with coagulants jireparatory to dew’atoring. Elutria¬ 
tion consists in mixing the sludge with sewage, effluent or water, contain¬ 
ing a smaller proportion of the amino and ammonia compounds then is 
})resent in the sludge, allowing the sludge to settle, and decanting the 
elutriating water, thus reducing the concentration of the objectionable 
compounds. Water eoiitaiiiiug active chemicals or exchange adsorbents 
may also be used as the elutriating agent. The elutriate is discharged 
into the incoming sewage. Genter has applied for letters patent to 
(jover this process. 

The results of extensive, large-scale sludge-filtration tests conducted at 
Baltimore from Aug. 29, 1933, to May 31, 1934, have been reported by 
Keefer apd Kratz (14). These results indicate that elutriation of the 
sludge will reddee by more than 50 |)er cent the quantity of ferric 
chloride required for conditioning digesbxl primary sludge. 

A study was made of the effect of the volume of elutriating water on 
the quantity of digested sludge filtered, when using various quantities 
of coagulant, When dewatering thickened unelutriated sludge, con¬ 
taining 6.5 to 6.7 per cent solids, which was coagulated with 6 lb. of 
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anhydrous ferric chloride to 100 lb. of dry solids, the filter capacity was 
about 10.2 lb. of dry solids an hour per square foot of filter area. When 
using this same quantity of chemical to coagulate sludge which had been 
elutriated with an equal volume of water, the capacity was increased 
to 26.6 lb. an hour. The use of more elutriating water resulted in 
greater production of sludge cake with less coagulant. When three 
volumes of elutriating water to one volume of sludge were used, 4 lb. 
of anhydrous ferric chloride to 100 lb. of dry solids gave a production 
of 28.8 lb. of dry solids an hour per square foot of filter area. On the 
other hand, when this same sludge was filtered without clutriation, 
4.7 lb. of ferric chloride yielded only 5.9 lb. of cake. In this instance, 
the filter capacity was increased almost fivefold with a reduction of 
about 15 per cent in coagulant, by the use of the elutriation process. 

Keefer and Kratz have concluded that the filtering of elutriated 
sludge is a practicable method of dewatering the digested sludge at 
the Baltimore sewage works. They state that the removal of the amino- 
ammonia compounds will permit the use of much less coagulant, with a 
saving of several thousand dollars annually. 

Plarly in 1935, plain-sedimentation sewage-treatment plants arc being 
designed for the District of Columbia and for the Metropolitan District 
of Hartford, Conn. In both cases the plans provide for elutriation 
of digested sludge prior to conditioning and dewatering on vacuum 
filters. 

Sludge Filters.—The technology of mechanical sludge-dewatering 
has come from the chemical industry, in which the filtration of numerous 
products has led to the development of a variety of different processes 
and machines (15). Aside from largely unsuccessful attempts at the 
filtration of sludge by gravity, through fine wire mesh, Filtros plates 
and absorbent material, such as garbage tankage, three types of filtering 
devices may be mentioned, in all of which changes in pressure, either 
above or below atmospheric, are employed to accelerate filtration. 

These devices may be classified iS follows: chamber or leaf filter 
presses, in which the sludge is put under pressure; bag-press filters, in 
which the sludge is contained in bags during squeezing; and vacuum 
filters, in which the sludge is dewatered by suction. The three types of 
sludge filters are shown in Figs. 210, 211 and 212. 

The chamber or leaf press usually consists of cast-iron plates covered 
with cloth, such as 11-oz. army duck. The covered plates ar^ hung in 
a frame commonly equipped with a fixed and a movable head. The 
plates are forced together, a space being left between the cloth surfaces 
on the plate faces and sludge being pumped through a central opening 
in the platee. The sludge covers the cloth and the liquid is forced 
through the cloth to the plate surface, whence it enters drainage holes 
which carry it away through openings in the bottom of the plates. 
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After the presses are filled and drainage is completed, the sludge \ alvr 
is closed; the movable head is then pulled ))ack and the cake drops out. 
Inhere are several different makes of presses. Pressures of 80 to 120 lb. 
per square inch are employed. Breakage of cloth was observed at 
Chicago when the higher pressure was applied. This type of filter has 



Plate used in filter press 



Fio. 210.—dhambor or leaf filter press. 


been employed chiefly in older installations, of which the chemical- 
precipitation plants at Providence, U. I., and Worcester, Mass., now 
discontinued, are examples. 

Burlap is generally employed as the filter cloth in bag filters, an 8- to 
12-oz. grade being used. The bags are filled from the top or bottom 
with sludge. They are suspended between drainage sheets and squeezed 
by large platens, worked either by a toggle joint or by direct pressure. 
The use of Berrigan and Worthington presses for dewatering activated 
sludge has been studied at Chicago. Hydraulic pressure is employed. 
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The Worthington and Berrigan presses at the Ues Plaines River plant 
of Chicago hold 18 bags on platens 5 by 8 ft. in size and 80 to 120 bags on 



Fki. 211.—Bag press. (Worthington). 



platens 5 by 6 ft^ in idze, respectively. The Worthington press employs 
buflt-up st^l drainage sheet^ and the bags are filled from the top and 
squeezed 'by large platens, worked by a toggle joint. The Berrigan 
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press employs built,-up HrHiua^:o sheots of hard-wood slats and the bags 
are filled from the bottom, pressure being applied directly on the heads 
of the press. The cake drops out of the bags at the bottom in both 
cases. According to Pearse (lb), it is possible to control the thickness 
of the press cake in the Berrigan press and the direct squeezing makes a 
simple apparatus. 

Pearse states: “The comparison of press types is dependent on the 
sludge to some extent. A comparison of the messes in use at Chicago 
may be of interest as typical ” 


Table 141.—-Operating Results of Filters Dewatering Activated 

Sludge 




(’ak'‘firodiK (‘d 


Yield of 


fill 



(<yclo, 1 

cake, lb. 

« Priios or filter 

.iTca, 
j s<i. ft. 

1 LI). 

: P(*r cent ■ 
moist lire* i 

i 1 

dry solids 
per sq. ft. 

hr. j 


' 



per min. 

Simplex. 

.1 1815 

; 1.400 

1 78 i 

7 

0.0013 

Worthington. 

1440 

3.500 

70 

5 

i 0.0019 

Berrigan. 

8520 

; 10.000 

78 

8 

! 0.0013 

Oliver. 

495 

I,400= 

SO ' 

(a)ntimious' 0.0094 


' Per hour. 


The experience wdth mechanical dewatering equipment at Houston 
has been described by Fugate and Stanley (7) as follows: 

On account of the high cost of labor for operation of the filter presses and 
the short life of filter cloth the use of the plate and frame prt's»''s was 
abandoned. 

A standard wet machine used in paper pulp industry was then installed. 
Sulfur dioxide gas was used foy coiidilioiiiiig. While tJiis machine gave very 
high filtration rates and looked very promising, certain mechanical troubles 
developed which brought about the installation of the “ Decker*Mype 
machine, a modification of the standard wet inacliine. 

The greatest disadvantage of the pulp machines was the loss of solids 
passing through the screen. The cost of replacement of the wire screen and 
felt blanket was quite high, and in general nonconsistent results as to 
capacity were obtained. 

More recent experiments have been conducted with a 4-ft. American 
continuous vacuum filter using either aluminum sulphate or ferric salts as 
conditioning reagents. For control of the conditioning the hydrogen ion 
concentration was used as a guide in place of titration. Positive and delicate 
means of g^ynchronizing the flow of sludge and conditioning solution wer^* 
perfected. This enabled absolute control of the plant operation. In const- 
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quence, the results obtained were consistent and justified a large installation 
(installed in 1928). 

There are two principal types of vacuum filters, the Oliver or drum 
filter and the American or disk filter, which are described below. These 
differ largely in the method of supporting the filtering surface. TCxperi- 
ments have been carried on with a few other types of vacuum filters. 

Construction and operation features of vacuum filters used in Ameri¬ 
can municipal plants are given in Table 142. 


Tablb 142.—Construction and Operation Features of Vacuum Filters 



Charlotte, 

Houston, 

Milwaukee, 

Pasadena, 


N. C. 

Tex. 

Wis. 

Cal. 

Type of filter. 

Oliver 

American 

Oliver 

Oliver 

Number. 

Size: 

2 

4 

24 

3 

Diameter, ft. 

8 

8 

11.5 

11.5 

Length, ft. 

Number of disks. 

Effective filtering surface j 

10 

j 

8 

14 

14 

per filter, sq. ft. 

Vacuum, in. of mercury: 


800 ; 

1 

495 

495 

Pick-up.. . 

20 


22 

21-25 

Drying. 

Yield of cake, lb. dry solids 1 


j 

11 

1 

1 11 

per sq. ft. per min. 



0.014-0.0561 

0.016 

Thickness of cake, in. 





Initial moisture, per cent i 

1 99 

i 

98-99 

99 

Final moisture, per cent.... 

, 85 1 

i 

82-85 

1 78-80 


I 


Vacuum filters have been successfully employed in dewatering 
activated sludge at many plants. A' Chicago a study was recently 
made of the possibility of filtering miAtures of fresh solids and activated 
sludge, thus eliminating the digestion process. According to Mohl- 
man (17), fresh sludge filtere*d on an Oliver filter at higher rates and with 
less expense for ferric chloride, used as a coagulant, than digested sludge. 
Results of tests made by the authors at Toronto in 1932 corroborated 
this statement. Mohlmah asserts that filtration of mixed fresh and 
activated kludges '^appears to be preferable to filtration of activated 
sludge alone. The moisture content is lower, varying from 95 to 97 per 
cent; vacuum filters can be operated at higher speeds than with the 
dilute activated sludge.” 

In a series of experiments opnducted at Baltimore in 1931 and 1932, 
Keefer and Cromwell (10) found vacuum filters capable of satisfactorily 
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dewatering digested sludge, the average moisture content of the digested 
sludge cake from an Oliver filter being about 74.9 per cent, when ferric 
chloride was used as a coagulant. They believe that the merits of the 
process are sufficiently attractive to warrant the purchase of filtering 
equipment for Baltimore as soon as funds are available. For many 
years at this plant digested sludge has been dried on sand beds. 

The Oliver Filter .—The Oliver filter, shown in Fig. 212, consists of a 
revolving drum or cylinder with a horizontal axis. Tiie shell, or 
cylindrical part of the drum, is hollow and is made up of an outer 
filtering surface of cloth, supported on wire mesh, and an inner support¬ 
ing surface of wood or metal, impervious to liquids and air. The inter¬ 
mediate space is divided into shallow^ compartments or sections, usually 
12 or 24, by division strips laid parallel to the drum axis. Within each 
of these compartments ib a’grating of wood c-r metal, which gives 
additional support to tlw*. filtering surface. The filter cloth is wired on 
to the drum, commonly with No. 14 copper wires spaced about 1 in. 
apart. 

Each compartment is connected by a pipe to an automatic ^ alve on 
the drum axis at one end of the filter. This valve controls the applica¬ 
tion of vacuum to the compartment or the admission of compressed air 
or steam for lifting the sludge cake from the cloth or for cleansing the 
filtering medium. The valve consists of a revolving seat and a sta¬ 
tionary chamber. A separate port is provided in the valve seat for 
each compartment of the drum shell and the valve chamber contains 
separate annular ports, which correspond to the different stages in the 
cycle of cake formation, drying and discharge. 

The drum may be rotated either by an individual motor or by means 
of line shafting from a suitable source of power. The speed of rotation 
depends upon the characteristics of the sludge and commonly varies 
from 3 to 6 r.p.m. 

The drum revolves, partly submerged, through a sludge chamber, in 
which the sludge is agitated by horizontal rakes, mounted on arcs, which 
oscillate slowly with the drum center as an axis, so that the travel of one 
rake overlaps that of the rest. The area of submergence is adjustable 
between 15 and 40 per cent. 

As each compartment travels through the sludge chamber, a vacuum 
is applied and a layer of sludge, varying in thickness with the degree 
of suction, the character of the sludge and the speed of the drum, is 
picked up. A thickness of tfe, to H in. is usual. As the compartment 
passes out of the sludge, the vacuurti is commonly increased and held 
at the desired value until the compartment is about to reenter the sludge. 
Thus the cake is dewatered by suction, the filtrate passing through the 
vacuum pipes to a receiver, whence it is discharged. Just prior to 
resubmersion in the sludge, the vacuum is cut off and compressed air is 
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admitted to the compartment. The dewatered cake is lifted from the 
cloth and removed on the descending side of the drum by steel scrapers 
resting on the wire winding. The loose filter cake is deflected by the 
scrapers on to a conveying mechanism, usually a belt, which carries it 
away. 

There are numerous modifications of equipment depending upon the 
character of the sludge. The operating cycle, too, is subject to appreci¬ 
able variations. Oliver filters arc manufactured in sizes varying from 
1 to 14 ft. in diameter and from 1 to 18 ft. in length. The effective area 
varies from 3 to 790 sq. ft. per filter. 

There has been much experimentation with different cloths for vacuum 
filters, cotton duck, Canton flannel and woolen cloth having been used 



on a large scale. The life of filter cloth seems to vary between 1 and 
2 months. The sludge liquor is generally offensive and is usually 
treated with the sewage. The cloth may be cleaned from time to time 
by steaming, brushing and applying a caustic solution. 

The American Filter .—The Americ:.n filter, illustrated in Fig. 213, 
consists of a series of disks, made up of a number of sectors, mounted on a 
horizontal axis and revolving through a sludge chamber in much the 
same way as the Oliver filter. Each sector is constructed of wood which 
is corrugated on both sides similar to a wash-board. These sectors are 
covered with cloth bags . Depending upon the size of the filter, 8 to 
10 sectors are assembled around a hoUow-center shaft to form a complete 
disk. The shaft carries the filtrate channels, which run parallel to the 
axis •and connect with openings in an automatic filter valve, which 
controls the vacuum and pressure applied to the sectors. 

The operation and general arrangement of the American filter are 
similar to those of the 01i\^ir Alter. The disks are manufactured in 
sizes varying from 4 to 12.6 ft. in diameter and are mounted either 
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singly or in groups up to 12 in number. The effective area varies from 
22 to 2400 sq. ft. per filter. 

Sludge Centrifuges. —In this country centrifugal separation of sludge 
liquor and solids has been attempted only on an experimental basis. 
A number of German plants, notably Frankfort-on-the-Main and 
Hannover, have had centrifuges in’^bperation for a number of years. 
In the United States the most extensive experiments have been made 
at Milwaukee and Chicago on activated sludge and at Baltimore on 
semidigested sludge. The former were largely discouraging, because 
it was impossible to obtain a clear effluent when operating the centrifuge 
at economical rates. 

In the Baltimore experiments an average removal of 65.1 per cent of 
total solids from the sludge liquor was obtained, the moisture of the 
cake being 71.1 per cenf. (18\ The machine rr^volved continuously 
at 1200 r.p.m., sludge bemg admitted, cut off and the cake discharged. 
The dewatering process went on during the first two stages of o})eration, 
the first being known as the “inlet period and the second as the 
“postcentrifuge period.” The inlet period lasted 7.6 min. and the 
postcentrifuge period 3.7 min. The wet sludge averaged 93.9 per cent 
moisture and 68.9 per cent volatile matter. An average inlet rate of 
40.1 gal. a minute was maintained, 11,800 gal. being handled every 
8 hr. with a total current consumption of 295 kw-hr. The average solids 
content of the sludge liquor was 2.7 per cent and its B.O.D. 9100 p.p.m. 
The latter could be reduced to 2815 p.p.m. by adding 1.75 lb. of alum 
per 100 gal. of effluent. The offensive character of the sludge liquor 
is considered one of the disadvantages of the process. At Baltimore 
it was calculated that addition of the sludge liquor to, the untreated 
sewage would increase the B.O.D. of the latter by 4.3 per cent. Adding 
sludge liquor to trickling-filter effluent in the ratio of 1 to 1250 reduced 
the relative stability of the effluent from 96 to 84 per cent. 

Recently tests have been conducted to determine the operating charac¬ 
teristics of a centrifuge when dewatering primary sludge, activated 
sludge and digested sludge (19). The most efficient separation of solids 
from water was obtained when the machine was used for dewatering 
sludge from preliminary-sedimentation tanks. In a series of tests with 
this kind of sludge, the sludge cake from the centrifuge contained little 
more than 50 per cent of the total solids fed to the machine, the rest 
escaping with the effluent from the centrifuge. 

Flotation. —^Among the methods of dewatering sludge which have 
been studied is flotation, employing acid, heat or both. Pearse (16) 
comments as follows on this process: 

Flotation is an attempt with or without heat to coagulate and float the 
sludge to the surface for ready removal. At Fort Worth on packing-house 
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sludge, small amounts of acid (sulfuric) proved very effective on cold sludge, 
producing remarkable coagulation, with an underlying clear liquid. Such 
results have not been duplicated elsewhere. However, acidulation with 
heat was tried experimentally by the Dorr Company at Urbana and New 
Britain with some success. Enough acid was used to produce an acidity 
of 26 parts per million. Heat was then applied to raise the temperature to 
50®C. The process requires accurate constant control and to date has not 
met favor, largely because the moisture content has not been reduced 
below a range from 85 to 90 per cent (New Britain), or 90 to 93 per cent 
(Milwaukee). At New Britain and Milwaukee large losses of solids were 
reported. 

Downes (20) reports that a flotation process has been installed at 
Plainfield, N. J., to treat digested sludge preliminary to spray drying. 
He describes the process as follows: 

In order to insure as dense a sludge as possible we concentrate the digested 
sludge by a scheme of flotation. This is accomplished by treating the 
digested sludge with chemicals which not only coagulate it but fill it with 
gas to give it buoyancy. Clear liquid is drawn off continuously at the 
bottom of the flotation tower and the thickened sludge is continuously 
removed from the surface and fed to the atomizer by means of a skimming 
rake. 

Spray Drying.—The Industrial Associates, Inc., have developed a 
process for the drying and eventual incineration of wet sludge (21). 
The sludge to be dried is fed into a centrifugal-spray machine and 
atomized in a horizontal zone near the top of the spray chamber. The 
dried product falls to the floor of the chamber and is collected by a 
revolving rake, which delivers into a central chute, discharging into a 
car or conveyor. The exit gases, laden with moisture and a certain 
amount of the dust of the dried product, are carried out of the drying 
chamber through a duct into a cyclone dust collector. Rudolfs and 
Cleary report that *^at a demonstratejn of this device at Poughkeepsie, 
N. Y., in 1931, the apparatus dri^d 3 gal. of sludge, moisture content 
88 per cent, in one minute.'^ So far as is known, results of tests of this 
process on a large scale have not been reported. 

In the spray-drying installation at Plainfield, hot air is introduced 
into the drying chamber'*alX3ve the plane of the atomizer'^ (20). This 
air instantly gives up its heat in evaporating the fog created by the 
atomizer. Then it is drawn off through ducts in the lower part of the 
drying chamber. An automatic stoker may be set to deliver air to 
the dr3dng chamber at any temperature up to 900°F. The dried sludge 
may be delivered either to the cyclone dust collector or to the furnace, 
where it burns as pulverize^ fuel. As fuel it supplies one third of the 
heat required in the drying process. 
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Heat Dryers. —When a sommercial fertilizer or fertilizer base is to 
be prepared from sewage sludge, the latter is generally dried to a 
moisture content of less than 5 per cent and sized to pass tiirough an 
8-mesh screen. Rotary heat dryers, such as are used in many industrial 
operations, are generally employed to Irivc off the excess moisture from 
sludge that has been subjected to primary dewatering. 

At Milwaukee the activated-sludge cake from Oliver filtei s is dropped 
on to a rubber belt and conveyed to a battery of six Atlas, direct- 
indirect-heat, continuous, rotary dryers, each 7 ft. in diameter by 60 ft. 
long, enclosed in a brick setting (5). Since the sludge cake tends to ball 
up and dry irregularly, an equal quantity of previously dried sludge is 
mixed with it before it enters the dryers. According to Cramer and 
Wilson, 

This lowers the moistr.re eontent sufficiently to prevent balling. . . . 
As«the drum revolves, tie hot gases from the furnace, mixed with large 
volumes of outside air, circulate around and into the drum through numer¬ 
ous air valves attached to the drum shell. About 45 min. ..re allowed for the 
sludge to pass through tlic driers, during which time the moisture content is 
reduced from 82 per cent, as it leaves the filters, to about 3 per cent, as it 
emerges from the lower end of the driers. The temperature of the driers at 
the inletting end is kept at 1000°C. and at the outlet, 500°C. 

Each dryer produces about 10 to 15 tons of dry sludge daily. The 
dried material is screened and the coarser portions are passed through a 
pulverator. The finest portions are mixed with the sludge cake entering 
the dryers. 

At Pasadena, Cal., activated-sludge cake from Oliver filters is trans¬ 
ported on a belt conveyor to a Ruggles-Coles dryer (6). Steel disks 
on this belt are set so as to be rotated by it, cutting the sludge cake into 
small pieces that can be handled more effectively in the dryer. Orbison 
is quoted as follows: 

Reduction of the moisture content to about 5 per cent is accomplished in a 
drier which is primarily a horizontal cylinder that rotates as heated gases 
pass through it. The hot gases are provided by a gas-burning combustion 
chamber whose fuel consumption is about 100,000 cu. ft. per day, rated at 
1000 B.t.ii. per cubic foot and costing 20 cents per 1000 cu. ft. Hot gases 
pass into the dryer at a temperature of about 1800®F. and are drawn through 
by induced draft. As originally installed, the dryer was 42 ft. long, but to 
make better use of the gases the length has been increased to 60 ft. The 
outer shell of the dryer is 70 in. in diameter and a concentric inner shell has 
a diameter of 30 in. Hot gases pass first through the inner shell for the full 
length and then return between the inner and the outer shells to the exhaust 
fan. 

Sludge'cake passes through the length of the dryer only once, remaining 
between the inner and the outer shells; as the cylinder rotates, longitudinal 
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metal vanes on the inside of the outer and the outside of the inner shell keep 
it moving and dropping continually through the heated gases. The dryer 
slopes downward from the combustion chamber on a grade of 0.2 in. per foot, 
and the sludge cake fed in at the combustion chamber end is moved along 
to the lower end by the rotation. A 30-hp. variable-speed motor turns the 
dryer at r.p.m. (normal speed), this combination of grade and speed 
making the time for passing through the dryer about one hour. At this 
speed, about 700 lb. of sludge cake with moisture content reduced to 6 per 
cent can be delivered per hour. 

From a pit at the discharge end of the dryer a bucket conveyor lifts the 
dried product to a 15- by 18-in. swing-hammer pulverizer that grinds it to a 
fineness such that it will all pass a %-Aa. screen. 

The exhaust gases from heat dryers generally carry away appreciable 
quantities of dust and may be quite odorous. Dust chambers or dust 
arresters, also called cyclones, and washers may be employed to remove 
the dust. To avoid causing offense the gases may also be deodorized 
by washing, chforination or incineration. Experience at Pasadena, as 
related by Orbison, (6) is interesting in this connection: 

After unsuccessful treatment of gases with chlorine, ozone, by washing 
and in coke towers, the gases were blown into the partly filled outfall sewer, 
which is 4 miles long. For a while this plan seemed to be satisfactory, 
absorption being aided by burlap baffles at the outlet. Odors did escape, 
howe\ er, and the outfall disposal of gas was finally abandoned. 

The next step was the incineration of the gases—a method that seems to 
have solved the odor problem. At least it gives promise of being a wholly 
successful plan. The incinerator consists of a simple combustion chamber 
surrounded by a preheating duct through which the gases from the dryer 
are passed. The natural gas fuel is fed into the combustion chamber 
through a burner around which the dryer gases are also blown in, thus bring¬ 
ing them in direct contact wdth the flame. This plan has effected complete 
deodorization and docs not produce smoke, so the products of combustion 
are passed through a 20-ft, stack directly into the atmosphere. The fan 
that draws the hot gases through the dry«T and blows them into the inciner¬ 
ator is driven by a 20-hp. variable-speed motor and has a capacity of 7500 to 
10,000 min.-ft. of gas under the present static pressure. In addition to this 
main exhaust blower a separate motor-driven blower of small size delivers 
through a 6-in. air line into the combustion chaniber of the incinerator. 
This blower was installed to aid combustion. 

Rotary heat dryers were ojierated for 6H years at Baltimore, Md., 
for converting air-dried, semidigested sludge into fertilizer. The plant 
was shut down in 1923. Reviewing the experiences at Baltimore, 
Keefer (22) conclude as follows: 

The six and oneihatf* years of experience which Baltimore has had with 
the heat-drying and marketm^ of the sludge has indicated that it is an 
expensive method to use in disposing of the sludge under conditions as they 
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now at the Baltimore plant. The high cost was due in part to the 
excessive overhead expenses, and the cost of hauling the material to its 
point of destination. Furthermore, the air-dried sludge was not ii. the best 
of condition to dry as it often contained sand and gravel, which adhered to 
it when the sludge was removed from the sludge drying beds. Moreover, 
this inert material decreased the percentage of nitrogen in the final product. 
The quantity of nitrogen in the sludge is not sufficiently large 1o keep from 
having a net operating loss. The accounts indicate, however, that if the 
Baltimore sludge had contained about 4 per cent of nitrogen as available 
ammonia, the plant could possibly have been operated at a slight profit. 

Complete dewatering of sludge necessitates the use of much conveying 
machinery. The wet sludge is readily pumped, but sludge paste from 
vacuum filters balls together imle 3 s suitably handled. Since the dried 
sludge to be sold for fertilialiig^^urposes is generally ground and bagged, 
suitable machinery is reruired to handle, grind and bag the material. 
Storage space is also needed and in some cases the sludge may require 
classification according to its nitrogen content. 

The gases from the dryer plant at Milwaukee have at times produced 
.jdors, causing serious complaints. The odor is increased by occasional 
scorching in the dryer. Chlorine has been added to the gases in advance 
of their entering the cyclone chamber, when the wind is toward the city, 
but this has not entirely eliminated complaints. The construction of a 
washing and condensing plant at a cost of $85,000 was authorized in 
1931. This plant is intended to remove the vapor from the gases 
which escape from the dryers. In a large-size test unit the suspended 
solids in the dryer gases were reduced about 98 per cent and il was 

Table 143.— Annual Costs of Sludge Dewatering, Drying and 


Disposal at Milwaukee, Based on 1930 Conditions 


Per ton 
of Mil- 
organito, 

Per mil. gal. 
of sewage 
treated, at 
1.28 tons 
per mil. gal. 

Fixed charges, including interest and 

depreciation on $3,333,736.38. 

Operating charges. 

$ 7.17 
15.87 

$ 9.18 
20.31 


Total cost. 

$23.04 

$29.49 

Net income from sales. 

16.17 

20.70 


Net total cost of sludge dewatering, 
drying and disposal. 

1 6.87 

S 8.79 
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reported to the authors that the gases discharged from the washers were 
practically odorless. • 

Costs of Construction and Operation of Plants for Dewatering and 
Drying Sludge.—Mechanical processes of sludge dewatering and drying 
are highly specialized for the individual plant. 

The cost of the filtering equipment at the Irwin Creek plant in 
Charlotte was about $31,000. This included two Oliver vacuum filters, 
each 8 ft. in diameter and 10 ft. long. The Oliver vacuum filters used 
at Milwaukee and Pasadena, which are 11 ft. 6 in. in diameter and 14 ft. 
long, cost about $20,000 per unit, including piping and erection. 


Table 144. —Operating Costs of Sludge Dewatering and Drying at 

Pasadena 



Cost per mil. gal. of sewage 



July 1, 1928, 
to Sept. 30, 
1928 

(6.7 m.g.d.) 

Based on 
plant capacity 
(11 m.g.d.) 

Cost per ton of 
fertilizer, at 
13.2 tons a day 

Sludge conditiomng and filtration: 

Labor» 26 days a mo.; 5 men at 65.95 a day 

6 3.88 

6 2.37 

6 1.98 

Power, at 0.88f! a kwh. 

1.81 

1.81 

1.51 

Alum, 368 lb. per mil. gal., at 1.6^ a lb.... 

5.90 

5.90 

4.92 

Celite, 431 lb. per mil. gal., at 1.47^ a lb.. 

6.35 

6.35 

5.30 

Oil, grease, tools. 

0.12 

0.12 

0.10 

Filter cloths, 6150 every 4 months. 

0.18 

0.18 

0.15 


0.49 

0.49 

0.41 

Portion of general expense. 

1.80 

1.10 

0.91 

Subtotal, sludge conditioning and filtra- ' 
tion. 

620.53 

618.32 

$15.28 

Sludge drying and storage and exhaust-gas 
burning: 

Labor, part time, 8 men at 65.53 a day... 

6 4.55 

6 2.76 ! 

• 6 2.30 

Power, at 0.88j{ a kwh. 

0.93 

0.93 

0.77 

Sacks, at 8^ each. 

1.66 

1.66 

1.38 

Gas for dryer, at 17Mfi per 1000 cu. /t.... 

2.94 

2.94 

2.45 

Gas for burning exhaust gases from dryer 

2.03 

2.03 

1.69 

Miscellaneous, oil and greets.. . 

0.04 

0.04 

0.03 

Maintenance and renewals.,. 

1.04 

1.04 

0.87 

Portion of general expense. 

1.27 

0.77 

0.64 

Subtotal, sludge drying and storage.... 

614.46 

612.17 

610.13 

Total for sludge dewatering and drying.... 

634.99 

630.49 

625.41 

Revenue from sale of sludge, 1.2 tons per 
mil. gal., at cohtraot price of $25.25 a ton 

630.30 

630.30 

625.25 

Net operating cost of sludge dewatering 
and dr3nng... 

6 4.69 

6 0.19 

6 0.16 
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The total cost of the Milwaukee sludge-dewatering and sludge- 
drying plant to Jan. 1, 1931, was about $3,334,000. The average 
capacity was estimated to be adequate to treat the sludge produced 
from 85 m.g.d. or 589,000 persons. The cost is equivalent to about 
$40,000 per mil. gal. daily of sewage tr^^atcd and $5.65 per capita served. 
The annual charges for dewatering, drying, storage and sale of the sludge 
at Milwaukee, based on 1930 conditions, mav be summarized as in 
Table 143. 

The cost of chemicals for conditioning at Milwaukee is about $5 per ton 
of Milorganite produced. 

The operating costs of the Pasadena dewatering and drying plant as 
operated in 1928, without allowance for interest and depreciation, may 
be summarized as in Table J14, from data furnished by Ooudey (23): 
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CHAPTER XXX 


CHLORINATION AND DISINFECTION OF SEWAGE AND 
EFFLUENTS 

Chlorination of sewage or effluents consists of treatment with chlorine 
or bleaching powder, for the purposes of disinfection for the protection 
of water supplies, bathing waters or shellfish layings, retardation of 
decomposition, reduction of biochemical-oxygen demand, control of 
odors or control of Psychoda^ cleaning of the distribution system and 
destruction of surface films on trickling filters. Disinfection is the 
destruction, ordinarily by the use of some chemical, of the micro¬ 
organisms likely to cause infection and disease. Although chlorine may 
be applied for one or more of the purposes mentioned, all of them may 
be accomplished to some extent when sewage is chlorinated. Thus, if 
chlorine is applied primarily for disinfection purposes, incidentally the 
treatment may deodorize the liquid more or less, reduce or retard 
putrefaction and reduce the biochemical-oxygen demand. By steriliza- 
(ion is meant the destruction of all organisms, both pathogenic and 
innocuous. In the methods of treating sewage previously considered, 
the removal of suspended matter or change in the character of the 
organic matter originally present are the main objects sought, whereas 
in disinfection and sterilization the main object is to kill the bacteria 
in the liquids treated. Most of the treatment processes may show some 
reduction of bacteria, however, high bacterial removal being associated 
particularly with intermittent sand filtration and the activated-sludge 
process. 

Disinfection may be accomplished in three general ways, by heat, 
chemicals, or actinic rays. As far as municipal-sewage treatment is 
concerned, chemicals are the only successful disinfecting agents and 
among these chlorine and its compounds offer at the present time 
the only practicable means of securing economical and adequate 
results. Discussion of the theory of disinfection, therefore, hinges upon 
chlorination. 

Theory of Chlorination. —^In modern sewage works chlorine is com¬ 
monly added to sewage as chlorine gas. Use of chlorine in this form 
was preceded by that of hypochlorites, particularly of calcium hypo¬ 
chlorite or bleaching powder. In either case hypochlorous acid, a 
strong oxidizing agent, is formed, as shown by the following reactions: 
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Cl* + HsO fc? HCIO + HCl 

Chlorine Water Hypochlorous Hydro- 
acid chloric acid 

2CaC10Cl + 2H2COa Ca(HC0i)2 + 2HC1C 

Bleaching Carbonic Calcium HypochlorouH 

powder acid bicarbonate acid 

2HC10 2”C1 + O 2 

Hypochlorous Hydrochlo- Oxy- 
acid ric acid gen 

Consideration of the oxidizing properties of hypochlorous acid led 
to the theory that destruction of bacteria by chlorine was due to the 
nascent, or atomic, oxygen liberated by this unstable compound. 
Opposed to this theory, however, were, among other things, the observa¬ 
tion that other oxidizing agents, such as hydrogen peroxide, H 2 O 2 , and 
ozone, O3, having an oxidizing value equal to or greater than chlorine, 
do not possess the same dlintecting power, and the fact that chloramine, 
NH 2 C 1 ,^ which possessefi no oxidizing power, may in certain instances 
exceed chlorine and hypochlorites in disinfecting cfRciency. 

While the exact manner of accomplishing cell destruction by chlorine 
remains uncertain, death is probably due to a combination of chlorine 
with the cell contents. 

Like all disinfecting processes the destruction of bacteria by chlorina¬ 
tion is a time-concentration phenomenon. ^ This means that disinfection 
is not instantaneous, but that it depends upon the length of time during 
which the bacteria are exposed to the disinfectant and upon the con¬ 
centration of the bacteria and the disinfecting chemicals. In the 
chlorination of sewage, furthermore, the unstable organic matter exerts 
a marked and rapid chlorine demand which must be satisfied before 
disinfection may be expected. The chlorine added in excess of this 
initial demand is called ‘^residual chlorine.'^ The time required for 
disinfection is relatively short but must be taken into account to secure 
effective chlorination of sewage. 

Disinfection of raw sewage is somewhat unreliable. As the grosser 
solids are not penetrated by chlorine, chlorination of sewage can be 
given a definite efficiency rating only after such matters have been 
removed by sedimentation or other means. 

1 CI2 + NHa ^ NH1CI 4 - HCl. 

> In pure water the mortality of bacteria due to disinfecting agents is a logarithmic func> 
tion of time, the number remaining after each time interval being proportionate to the 
number present at the beginning. Formulation of this type of relationship has been dis¬ 
cussed in Chap. III. 

The following formula holds: 

where Nt ■■ number of bacteria living after time t 
N initial number of bacteria 
t -■ time 

K disinfection constant* 



764 


AMERICAN SEWERAGE PRACTICE 


Chlorine and Its Compounds. —The disinfection or deodorizing of 
sewage is generally accomplished by chlorine in one of the following 
forms: liquid chlorine, bleach or electrolytic chlorine. All of these have 
their origin in the electrolysis of salt brine. The reactions may be 
indicated as follows; 


2 X 68 2 X 18 

2NaCl + 2 H 2 O 

Sodium Water 

chloride 
■ (salt) 


71 

cu + 

Chlorine 

(itfts) 


2 X 40 

2NaOH 

Sodium 

hydrox¬ 

ide 

(caustic 

soda) 


2 

+ H2 

Hydro¬ 
gen (gas) 


The chlorine gas may be removed as produced, dried and liquefied 
by pressure to form '^liquid chlorineit may be passed over slaked 
lime to form ‘'chlorine of lime’’ or “bleaching powder”; or it may be 
utilized as “electrolytic chlorine” at the point of generation, in the 
form of chlorine gas when the products of electrolysis are separated, 
or as sodium hypochlorite when they are permitted to react upon one 
another. 

In this country liquid chlorine and bleaching powder are by-products 
of the manufacture of caustic soda, while sodium hypochlorite is usually 
generated in chlorine cells at the point of application. 

Liquid* chlorine is commercially available in steel cylinders holding 
100 or 150 lb, of chlorine, in drums of 1 ton net and in single- or multi¬ 
unit tank cars holding 15 tons of gas. The chlorine is under a pressure 
varying from about 40 lb. per square inch at the freezing point of water 
to 60, 100 and 140 lb. per square inch at 50, 75 and 100°F., respectively. 
The solubility of the gas in water is high, decreasing from 14,600 p.p.m. 
at 32°F. to 10,000, 6,600 and 4,200 p.p.m. at 50, 75 and 100®F., respec¬ 
tively, when pure water is exposed to an atmosphere of pure chlorine 
and the combined pressure of the gas and water vapor is one atmosphere. 
Bleaching powder comes on the market in iron drums holding 10, 50,100, 
300 or 700 lb. The chief constituent of bleaching powder is calcium 
chloro-hypochlorite, CaClOCl, the active substance in chlorination by 
bleach. Good bleach contains about 65 per cent of CaClOCl, which 
forms in water calcium hypochlorite, Ca(OCl) 2 , and calcium chloride, 
CaClo. Through established commercial usage, the strength of bleach¬ 
ing powder is reported in terms of “available chlorine,” which is the 
quantity of chlorine liberated on decomposing the hypochlorite with acid. 
It is commonly determined by finding the quantity of iodine liberated 
from potassium iodide, KI.^ A study of the reactions of chlorine and 
hypochlorites in water will demonstrate that in whatever form chlorine 
is applied, two atoms of chlorine are required to liberate one atom of 

»2CaClOCl in-waterCa(OCl)a + CaCl* 

Ca(OCl )2 + 4KI + 4HC1 -♦ CaCli + 4KC1 + 21* + 2HaO, or 4 atoms of iodine for 4 
atoms of chlorine in the bleach. 
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o)cygen and that the available chlorine” is therefore a measure of 
the oxidizing power of chlorine or hypochlorite. Since the ratio of the 
chlorine content to the total weight of CaClOCl is 7>i27 == 0-^6, the 
available chlorine is given by multiplying the percentage of CaClOCl in 
the bleaching powder by 0.56. With 65 per cent pure bleach, for 
example, the available chlorine is 0.56 X 65 = 36.5 per cent. A value 
of 33 per cent is common. Since chlorine gas is practi<*ally pure, its 
available chlorine is nearly 100 per cent. Jlleaching powder absorbs 
moisture and loses chlorine on exposure to the air, with a concurrent loss 
of its disinfecting power. The use of licpiid chlorine has superseded 
in large measure the formerly wide use of chloride of lime. 

Several different cells have been constructed to produce chlorine or 
sodium hypochlorite, commonly tln‘ latter, at or near the point of 
chlorination. In the el i-tiolysis of salt water, sodium is liberated at 
one pole and chlorine at the other. The sodium combines with the 
wSter to form sodium hydroxide and hydrogen. The chlorine, unless 
removed as gas, combines with the former and produces sodium hypo¬ 
chlorite while the hydrogen escapes. Side reactions reduce the 'quantity 
of chlorine or hypochlorite produced below the theoretical value and 
increase the power consumption. Theoretically' the power needed to 
produce 1 lb. of available chlorine is 1.23 kw.-hr. and the quantity of 
salt is = 1.65 lb. Actual power and salt requirements, however, 
are respectively about two and three times the theoretical quantities. 
Electrolytic chlorine as yet has not found favor in sewage-treatment 
works and there are no important installations in which chlorine cells 
are used. 

Methods of Chlorination.—Liquid-chlorine apparatus is now generally 
employed in large or permanent installations, while bleaching powder 
may be employed where sewage is to be chlorinated on a small scale 
or as a temporary expedient. 

Liquid Chlorine chlorine is applied to sewage in two ways, 

designated as direct feed and solution feed. In the direct-feed method, 
measured quantities of chlorine gas are diffused through the sewage and 
are quickly taken into solution. In the solution-feed method, the gas 
is first dissolved in water and the chlorine solution then is added to the 
sewage. The quantity of chlorine commonly is controlled by either 
regulating the pressure drop of the gas across a fixed or variable orifice 
or adjusting the intermittent pulsating displacement of a definite volume 
of water by chlorine gas or vice versa, or else by regulating the rate of 
bubbling the chlorine through water» The first method is generally 
employed for measuring large quantities of chlorine, while the others 
are used for small ones. The rate of dosage is generally checked by 
recording the loss in weight of the Chlorine container in a definite period 
of time. Recording scales have been developed, as has apparatus 
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which will proportion the rate of feed to the sewage flow. Since the 
quantity of chlorine required depends upon the character as well as the 
volume of sewage, as will appear later in this chapter, manual operation 
is generally more satisfactory. Where sewage Ls pumped, arrangements 



Fig. 214.—Diagram of manually controlled direct>feed chlorinator. {WaUcuie 

<fc Tiernan Co.) 

can be made to start and stop the chlorinator and the pumps at the 
same time, 

A manually controlled apparatus made by the Wallace & Tiernan Co. 
for treating sewage with chlorine gas, or a so-called solution of chlorine made 
from liquid chlorine, is shown diagrammatically in Fig. 214. The tanks of 
liquid chlorine, A, A, generally are placed on scales, so that the variation in 
their weight as their contents are removed can be measured and in this way a 
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check can be obtained on the rate of flow indicated by the chlorinating 
apparatus. Each tank has a tank valve, By to wliich th (3 operator 
attaches an auxiliary tank valve, (7, C, i^diich is the main shut-off valve 
during operation. When the valves are opened the liquid chlorine in the 
tank gradually becomes a gas and passes from the tank to a compensator, 
Dj which maintains a constant fto%y, the gas irrespective of the pressure 
in the tank, as long as the setting of the control valve, F, fonning part of 
the compensator, is not changed. The rate of flow of the chlorine is 
changed by altering the setting of this control valve. 

From the compensator, tlv'- gas passes to a meter, FJ, which is a manom¬ 
eter having a scale calibrated to show the flow of chlorine gas in pounds 
per 24 hr. or other unit desired by the purchaser. From the meter the ^as 
flows to the place of application through a copper or galvanized-: ron pipe, 
which should not be over bOO ft. long. The gas is delivered through a 
chlorine check valve, F, which is necessary to prevent moisture from the 
sewage from passing ba^'k to the chlorinator and interfering with its opera¬ 
tion. From the check valve, the gas passes through a silver tube to the 
diffuser, (7, submerged at least 4 ft. in the sewage. This diffuser is composed 
of a composition sponge of fine porosity, held in a m ncorrodible casing. 
The sponge is kept saturated with wat(*r by capillary action of the material 
of which it is composed and the chlorine in passing through the sponge 
thoroughly mingles with the water and is discharged into the sewage. 

Use of solution-feed chlorination, while generally more satisfactory in 
operation, is dependent upon a supply of water under adequate pressure 
to operate the auxiliary apparatus. Diffusers used on direct-feed instal¬ 
lations must be submerged to a sufficient depth to prevent escape of chlorine. 

Either automatically or manually controlled machines may be secured 
with capacities up to 2000 lb. a day. 

As chlorine gas is extremely corrosive in the presence of moisture, 
gas lines, valves and pressure apparatus need to be kept free from mois¬ 
ture, unless they are constructed of resistant materials, such as silver, 
hard rubber or glass. At low temperatures chlorine hj^drate is some¬ 
times formed in the measuring apparatus. To prevent this, heat is sup¬ 
plied to the apparatus or the chlorinating room during cold weather. 

Chlorinating apparatus is generally placed in a well-ventilated room, 
so that if any gas escapes, it can be removed immediately. This room 
preferably opeiis out of doors. The treatment of a person affected 
by the gas is to give fresh air and ether, the latter being administered 
carefully and only in sufficient quantity to relieve pain. 

Bleaching Powder .^—Where bleaching powder was employed instead of 
liquid chlorine, provisions were m^de to dissolve the powder and to 
measure the volume of a solution of known strength which was added to 
the sewage. One or more mixing tanks, solution tanks and feed tanks 
were provided. The materials employed for the construction of these 

^ Hypochlorites oontaining much larger perbentages of available chlorine and more soluble 
than bleaching powder are, more available. 



768 


AMERICAN SEWERAGE PRACTICE 


tanks may be wood, tile, concrete or cast iron. The bleach was first 
dissolved in the mixing tanks, which commonly held 4 or more gallons 
of water for each pound of bleaching powder. Mixing may be done 
by hand or by a paddle stirring-mechanism. A period of 12 to 24 hr. 
is required to ensure complete dissolving and clarification of the solution. 
The inert constituents of the bleach are drawn off through a drain pipe, 
the clear solution being led to the solution tank, where it generally 
is diluted to a strength of 1 or 2 per cent and stirred to maintain uniform 
strength. The hypochlorite solution may be fed to the sewage from an 




orifice-feed tank, illustrated in Fig 215, in which a constant head is 
maintained on an adjustable orifice. Huch an orifice requires frequent 
inspection, as it is likely to become clogged with suspended matter 
carried over from the inbdng tank. 

An example of a simple apparatus for temporary, small-scale use is 
shown in Fig. 216 (1). It was constructed by the Indiana State Board 
of Health from three barrels, a commercial constant-level regulating 
box, a small quantity of piping and a geared mixing contrivance much 
like that used oh some types of ice-cream freezers. 

In practice, the preparation of a disinfecting solution from bleaching 
powder is disagreeable work, on account of the dust and fumes, and it is 
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more or less unsatisfactory, because of the irregularity in the composition 
of the powder and consequent care needed to maintain a solution of 
suitable strength and because of the tendency of the measuring orifice 
to become clogged. 



Fia. 210.—Emergency disinfecting apparatus, Indiana State Board of Health. 

Quantity of Chlorine Required.—The quantity of chlorine required 
in the treatment of sewage or sewage effluents depends upon the chlorine 
demand of the sewage or effluents and the purpose for which chlorination 
is practiced. As previously pointed out, much of the chlorine added to 
sewage is used up by unstable sewage matters, before it can destroy 
the living organisms contained in the sewage. Chlorine demand may be 
exerted by certain kinds of mineral matter and by organic substances. 
During the treatment of sewage, the quantity of chlorine required for 
disinfection or for the control of odors becomes less as the material 
causing a chlorine demand is settled out or oxidized. 

The oxidizable mineral substances are chiefly hydrogen sulfide, 
sulfites, nitrite nitrogen and ferrous iron. The important deodorizing 
effect of chlorine in sewage treatment is associated chiefly with its great 
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affinity,for H 28 , a foul-smelling gas. The quantity of chlorine, used up 
by these mineral substances can be readily calculated, from their combin¬ 
ing weights. Thus 1 p.p.m. of H 2 S will combine with ’^ 3^4 = 2.1 p.p.m. 
of CI 2 . 

Since the constitution of the organic matter cannot be determined, 
its chlorine demand can be found only by test. Generally speaking, the 
chlorine demand of sewage parallels its oxygen demand. With the 
increase in staleness of sewage, the soluble organic substances which 
exert an immediate chlorine demand are added to by bacterial action. 

The immediate chlorine demand of sewage at a number of American 
plants is given below ( 2 ): 


C^'ity 

Average 
sewage flow, 
gal. per 
capita daily 

Immediate 

chlorine 

demand, 

p.p.m. 

Akron, Ohio. 

156 

25.5 

Columbus, Ohio. 

97 

6.7 

Dayton, Ohio. 

92 

11.0 

Decatur, Ill. 

300 j 

9.5 

Flint, Mich. 

75 

12.0 

Indianapolis, Ind. 

140 

7.9 

! 


For odor control a chlorine dose somewhat in excess of the quantity 
theoretically required to combine with the hydrogen sulfide is required, 
because of the interfering demand of other sewage matters. For dis¬ 
infection enough chlorine is needed to provide what is known as a 
^'residual chlorine” content. State authorities have specified a dis¬ 
infecting dosage varying from 20 to 25 p.p.m. for raw sewage, 15 to 
20 p.p.m. for settled sewage and 5 to 15 p.p.m. for completely treated 
sewage. Since sewages and sewage nduents vary greatly in character, 
it seems better practice to base the dosage on the residual chlorine to 
be secured. Values of 0.2 to 0.5 p.p.m. of residual chlorine after 10- to 
15-min. contact appear to be adequate. 

The chlorine demand of sewage varies markedly during the year. 
The monthly variations hx chlorine dosage, as found by Tiedeman ( 3 ) 
in experiments on Imhoff-tank effluent at Huntington, N. Y.; to be 
required at times of maximum hourly demand to maintain a residual 
of 0.5 p.p.m., were as follows: 


.. 9.6 

Feb. 6.4 

Mar. 7.1 

Apr... 8.7 
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May. 


June... 


July. 

. 12.7 

Aug. 

. 12.3 

Sept. 

. 10.3 

Oct. 

. 11.7 

Nov. 

. 9.8 

Dec. 

. 7 1 

Ave. 

. 9.6 



Fig. 217.—Monthly and hourly variations in chlorine demand of Tinhoff-tank 
effluent at Huntington, N. Y, 


3>Rotttt cf Sewo^e Flow,Million Oaltons per Do/ 
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The hourly variations during a single day were shown to vary from 
2 to 10.6 p.p.m., with an average of 6.8 p.p.m. These variations are 
presented graphically in Fig. 217. This experience indicates how 
markedly the chlorine requirements vary and how economy of operation 
in a large plant calls for fairly close regulation of chlorine dosage in 
order to maintain residual chlorine in the ever changing sewage. 

The chlorine dosage required to effect a residual of 0.3 p.p.m. after 
10 min. varied in the case of the Bridgeport, Conn., screened sewage 
l 3 etween 10 and 15 p.p.m. during the period from October, 1926, to 
April, 1927. 

The doses of chlorine used by some of the New Jersey sewage-treat¬ 
ment plants as given by Daniels (4) are as follows: 


Location 

Other treatment 

Available chlorine 

Parts per 
million 

Lb. per 
million 
gallons 

Atlantic City. 

Coarse screens 

25 

208 

Ventnor. 

Imhoff tank 

18 

160 

Ocean City. 

Single-story tank 

14 

117 

.Wildwood. 

Fine screens i 

11-12 

100 

Millville. 

Double sedimentation 

9-12 

100 

Morristown. 

Sand filter 

3-7 

59 

Had don Heights. 

Sand filter 

1-2 

17 


The 1932 requirements of the Division of Sanitation of the New York 
State Department of Health call for maximum dosing capacities, based 
on average flows, as follows: 


Nature of sewage 

Available chlorine 

Parts per 
million 

Lb. per 
million 
gallons 

Raw sewage. 

24 

200 

Settled sewage.. 

18 

150 

Effluent from contact bed or trickling 



filter.i. 

12 

100 

Effluent from sand filter. 1 

6 

j 

50 
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Enslow (5) has sumicarized as follows the quantity of chlorine 
required to disinfect sewages and eflEluents of various kinds: 

Available chlorine 


Nature of sewajut' required, p.p.m» 

Raw or settled: 

Fresh to stale. 5-15 

• Septic. J0_25 

Trickling-filter effluent. 2-5 

Activated-sludge effluent. 1-8.6 


Tests for Free Chlorine.—^I'he methods commonly employed for the 
determination of residual chlorine are the starch-iodide test and the 
orthotolidin test. They yield somewhat different results and generally 
the orthotolidin test is used. The latter consists simply of adding a 
sipall quantity of orthf*tolidin solution to the sample to be tested and 
comparing the resulting color with that of standards prepared from 
solutions of copper sulfate and potassium dichrcnate (6). Small 
quantities of free chlorine give a yellow color with orthotoiidin and 
larger quantities give an orange color. 

Point of Application of Chlorine.—The chlorine demand of sewage is 
affected by its concentration, composition and condition. In connection 
with the latter it is found that the chlorine demand of septic sewage is 
much greater than that of fresh sewage. It may be advantageous, if 
the sewage is septic before arriving at the plant or point of disposal, to 
apply the chlorine either in part or as a whole at some point nearer the 
origin. By destroying the sulfate-splitting organisms before hydrogen 
sulfide is produced, a considerable saving in chlorine may be secured. 
Thus, from tests made upon the Orange County, Cal., outfall sewer, it 
was estimated that, whereas it would have required approximately 
76 p.p.rn. of chlorine to neutralize the hydrogen sulfide at the end of a 
2-mile force main, only 17 p.p.m. actually were required by applying 
it at the influent end (7). ^ 

At Independence, Kan., it was found that, when chlorine was applied 
to the effluent from Imhoff tanks, more chlorine was consumed, more 
hydrogen sulfide was found in the chlorinated sewage and odor reduction 
was less satisfactory than when prechlorination was employed (8). At 
Dallas, Tex., the crude sewage entering Imhoff tanks required 30 to 
75 per cent less chlorine to produce residual chlorine than did the tank 
effluent (9). At West Haven, Conn., where the flow chambers were in 
bad condition at the time of the test, the chlorine demand of the effluent 
was 66 per cent greater than that of the crude influent. On the other 
hand, at the Fort Worth, Tex., plant, where the crude sewage is known 
to contain only a minor quantity of sulfate in solution, one or two tests 
indicated that practically the same dosage of chlorine was required for 
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the crude influent as for the Imhoff effluent. Studies at Schenectady, 

N. Y., however, revealed a smaller chlorine demand by crude sewage 
than by Imhoff-tank effluent in the early spring, when the tanks were 
filled with sludge and the effluent had a tendency to become slightly 
septic (10). Under normal conditions, the same chlorine demand was 
exerted by the crude influent as by the settled effluent. 

At Plainfield, N. J., in tests to secure elimination of odors, it^was 
found by O’Connell that chlorination of sewage before it entered Imhoff 
tanks proved more efficient than chlorination of the tank effluent (11). 
However, he stated that at larger plants some economy should result 
from the combination of chlorination of tank influent with chlorination 
of tank effluent. O’Connell also stated that the addition of chlorine 
to sewage in advance of all treatment, including screening, except in 
rare cases cannot be considered as a feasible method of odf)r control. 
Re-inoculation and after-growth of bacteria, with siibseciueiit formation 
of hydrogen sullide, are said to appear inevitable. In discussion, 
Enslow reported that at Canton, O., chlorination at the plant is more 
effective than application of chlorine to the trunk sewer at a point more 
than 5 miles above the plant. 

The application of chlorine to tank influents appears to favor tank 
operation; The flow chamber is maintained in a fresher condition than 
without chlorine and, as stated in Chap. XVI, digestion of the sludge 
solids has been found not to be affected adversely. 

‘ Concerning split” chlorination Enslow (9) reports as follows: 

It appears from preliminary Ktudie.s made at the Fort Worth plant that a 
minor dosage of chlorine (about one-third that necessary to satisfy the 
chlorine demand) is all that is necessary to stay hydrolysis and septic action 
in a highly organic and putrefiabh^ substance, such as packing-house wastes. 

It is highly probable that a relatively small dosage of chlorine, if applied 
to the sewers direcjt, at a point soiiie distance aliead of the disposal plant, 
may serve to retard materially the progress of biological activity in the 
sewers. If so, the sewag(? arriving : t the plant in a partially preserved 
condition will have more of the qualitic.s of fresh sewage. The solids will 
be less in solution and more of them will remain in a settleable condition. 
The oxygen demand should be less and the quantity of chlorine required 
materially less. Thus it app(3ars probable that chlorination split ” between 
the sewer proper and the influent to the disjK).«al plant will effect an over-all 
economy. 

Efficiency of Chlorination. —The efficiency of disinfection with chlorine 
depends upon the quantity of chlorine added to the sewage and the 
period of contact. Tiedeman (3) found that at Huntington, N. Y., 
settled sewage ^ould be disinfected satisfactorily when a residual of 

O . 2 p.p.m., as indicated by the orthotolidin test, was maintained. 
The results obtained at Huntington are shown in Fig. 218. 
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In order to exemplify the relative destruction of bacteria by chlo- 
rination and their removal from sewage by other sewage-treatment 



-r-i 

□ 

□ 

nm 

r-i 


r' T 

..roo 


55 



SS 

m 


55 





- 

= 

- 

— 

d 




■ 

3 

1 


1 

(QB«GEmpg 

55 

to 

•r 1 

o 2 

1 1 

tn 

0.5 
& 0.3 

tfj .02 

's 0.1 

t 

0> 

'."•31 

ii 

isii 

B 

liis 

%mwm 

imm 

isS 

M 

BSE 

■■§■1 

S&iS 

M 

m 

4-1 

Coll Rema 

1 

Hi 

i 

E 

= 

1 

■■ 

— 

s 

■■ 

S 

mm 

s 

s 

E 

~ 

1 

S| 

5| 

■ 

s 

wm 

m 

ID 

r 1 

c 2 

1 I 

a 0.5 
•r 0.3 
1 02 

1 0.1 
% 

■Sk' 

II 

1 

1 

1 

Ml 

1 

dual 

>a^ 

L 

f 

r- 

m 

K 

13 

■■ 

35 

ii 

n 

I 

m 

SS 

n 

csS 

I 

— 

i 

H 





J 



■ M 








Si 





Hi 

13 

11 

■5 



■§■1 



■■ 



rt 



t 


■1 


EZ" 



5 


mm 

m 


e ^ 

* Q. 

0.01 

M 

mM 

55 

■■ 

■ 

m 

■ 

3 

■ 

3 

3 

iS 


1 

ii 

ss 

I 

& 

figures indicafe nvHiih 

iiiW 

ofm 

1 
■ ■■ 

iMM 

ill 

555 

II 

SS 

■■ 

R 

■■ 

1 

feS 

1 

S 

5 

1 

1 

5 

1 

3 

5 

1 

5 

1 

5 

1 

5 

R 

in 

133 

!■ 

^Hi 

!■ 

■ 

■ 

■■ 

■ 


■9 


» 

■■■ 

SS 

SB 

m 


ai 

■ 

3 

IB 

IP 

m 

IB 


II 

1 

1 

II 

1 

lllllilll 

li 

II 

SRI 

IR 

II 

1 

1 

1 

I 

1 

■ 

1 

II 

IB. 

02 51015 30 45 60 90 OZSIOfS 30 45 60 9( 


Confocf Period, Minu+ee Con+oct Period, Minutee 

Fio. 218.---Efficiency of chlorinaiion of Imholf-tank effluent, Huntington, N. Y. 


methods, Table 145 is presented. The figures given, however, are only 
approximations. 


Table 145. —Removal or Destruction of Bacteria by Different 
Treatment Processes 


Process 

Removal of 
bacteria, 
per cent 

Process 

Removal of 
bacteria, 
per cent 

Coarse screening. 

0-5 

Activated-sludge proc- 


Fine screening. 

0-10 

css. 

90-98 

Grit-chamber treatment 

0-5 

Intermittent sand fil¬ 

Plain f^e(^iTnentntinn 

25-75 

tration . 

95-99 

Septic-tank treatment.. I 

! 25-75 

Sedimentation and 

Chemical pre(;ipitation.. 

40-80 

chlorination. 

90-95 

Contact-bed treatment. 

40-80 

Oxidation and chlori¬ 


Trickling-filter treat¬ 


nation . 

98-99 

ment . 

70-85 


1 


Chlorination at Cleveland, Ohio, in 1926, during the months of June 
♦o September, inclusive, when the crude sewage at the Easterly plant 
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and the ImhoS-tank effluent at the Westerly plant were chlorinated, 
is described by Enslow (9) as follows: 

The easterly sewage is relatively fresh, whereas the westerly tank effluent 
is impregnated with packing wastes, sulphate of iron, and other industrial 
wastes. It is also septic and odoriferous during warm w(?ather. 

The dosages of chlorine applied during the summer season averaged 8.9 
p.p.m. to the westerly (Imhoff) effluent and 8.2 p.p.m. to the crude easterly 
sewage. In the Imhoff effluent the chlorine demand during the daytime 
was always in excess of that applied and no residual chlorine could be 
found upon test. In the crude easterly sewage residual chlorine to the 
extent of 0.2 p.p.m. or more could be maintained. 

In the case of the chlorinated crude sewage the total bacteria and B.coli 
reduction . . . averaged 96.33 and 94.5 per cent, respectively, as compared 
with an average reduction of only 79.4 per cent total bacteria and 84.6 per 
cent B.coli in the Imhoff effluent. This is but another indication of the 
difficulty of chlorinating septic sewage and also of the great importance 
attached to the maintenance of residual chlorine in a treated sewage. 

Operating results at Pasadena, Cal., during the year ending June 30, 
1929, show that after chlorination the effluent from the activated-sludge 
plant contained 20 B.coli per cubic centimeter. An average of 20 lb. 
of chlorine was applied per m.g., equivalent to 2.4 p.p.m., giving a 
residual of 0.22 p.p.m. of free chlorine. 

In tests on chlorination of the activated-sludge effluent at the Des 
Plaines treatment plant in Chicago during September, 1927, B.coli in 
the effluent were reduced from 3900 per cubic centimeter to 115 per 
cubic centimeter by the application of 25 lb. of chlorine per millioh 
gallons, equivalent to a dosing rate of 3 p.p.m. 

At Boon ton, N. J., sewage is treated in sedimentation tanks, contact 
beds and sand filters and the effluent is chlorinated at a rate of 2 p.p.m. 
In 1930 a bacterial reduction of 99.99 per cent was obtained. At no 
time in the 27 months of operation reported upon were B.coli present 
in 10-cc. samples (12). 

Reduction of BiocheinicalH>zygen Demand by Chlorination. —The 

fact that much of the chlorine applied to sewage is used up by unstable 
sewage matters is reflected in a reduction of the biochemical-oxygen 
demand of the sewagiQ.: This reduction may be of importance in 
preventing nuisances below treatment works which discharge their 
effluents into small streams that provide adequate dilution only by 
accession of other waters or by emptying into larger bodies of water. 

At Columbus, >,Ohio, during 1927 some investigations were made to 
determine the effect of chlorine treatment on the B.O.D. of the trickling- 
filter effluent (13). In making these tests, the immediate chlorine 
demand was determined and the quantity of chlorine added was 
0.2 p.p.m, less than the demand. The purpose of this underdosage was 
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to prevent sterilization of the sample. The mean values from 45 deter¬ 
minations are shown in Table 146, the quantity of chlorine added 
averaging 2.11 p.p.m. 

Table 146.— Reduction in B.O.D. Tricklino-filter I-fflubnt by 
Chlorination at' Columbus, Ohio 


Biochoinical-oxygen demand 




1 1 (lav 

-1- 

I 

I 2 days 

3 days 

5 days 

Untreated effluent, p.p.m. .. 


.1 14.2 

. 20.7 

25.9 

33.0 

Treated effluent, p.p.m. 


4.9 

, 10.2 

15.0 

19.3 

Reduction, per cent. 


65.5 

1 50.8 

1 42.1 

41.5 


i 


Experiments conducted at the Des Plaines sewage-treatment plant 
in Chicago during 1928 showed an average reduction ii oxygen demand 
of 24.7 p.p.m., with 10.9 p.p.m. of chlorine applied to settled ..ewage. 
Che residual chlorine was 0.2 p.p.m. Apparently the reduction was 
equivalent to 2.3 p.p.m. of oxygen demand for each part, per million 
of chlorine absorbed. 

At Allentown, Pa., catch samples of Imhoff-tank effluent for the 
period July, 1930, to May, 1931, inclusive, showed 95 p.p.m. of 
5-day B.O.D. prior to chlorination and 83 p.p.m. after chloriiiation. 
The average rate of application was 4.86 p.p.m. of chlorine and the 
apparent reduction in B.O.D. was 2.5 p.p.m. for each part per million of 
chlorine applied. The samples were neither neutralized nor seeded (14). 

The results of large-scale experiments by Baity and Bell (15) upon 
chlorination of Imhoff-tank effluent at Chapel Hill, C., in 1928 are 
given in Table 147. 


Table 147.— Reduction in B.O.D. of Imuofp-tank Effluent by 
Chlorinatio:^ at Chapel Hill, N. C. 


Chlorine 

dosage 

p.p.m. 

Residual 

chlorine 

after 

10 min., 
p.p.m. 

B.O.D. of 
unchlori¬ 
nated 
samples, 
p.p.m. 

B.O.D. of 
chlori¬ 
nated 
samples, 
p.p.m. 

Reduc¬ 
tion, 
per cent 

5- 7.5 

f> 

77.0 

71 1 

7.4 

8- 9 

Trace 

94.3 

79.6 

15.6 

10-15 

0.2-4).5 

85.2 

48.9 

• 42.7 

Average of all samples... 


85.8 

j 58.6 

31.7 
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Further work by Baity (16) at Chapel Hill in 1930 indicated that an 
apparent reduction of 2.3 p.p.m. in 5-day B.O.D. was accomplished for 
each part per million of chlorine applied to the Imhoff-tank effluent. 

As a result of their experiments, Baity and Bell concluded “that 
chlorination of sewage for B.O.D. reduction can be advantageously and 
economically applied in many cases, particularly where plants are 
overloaded, or slightly inadequate to ])rotect stream quality, or to tide 
oyer dry periods of the year.” They pointed out, however, that “chlo¬ 
rination is limited in efficiency, and cannot be employed alone where a 
high degree of removal of organic solids is re(iuired.” 

At Huntington, N. Y., Tiedeman found that with 0.2 p.p.m. of 
residual chlorine in the tank effluent the oxygen demand was one third 
less than that of the unchlorinated effluent. 

From studies of sewage chlorination at Schenectady, N. Y., Cohn (10) 
concluded that chlorination followed by sedimentation in Imholf tanks 
produced a reduction in B.O.D. 27 per cent greater than that brought 
about by the tanks without chlorination. Residual-chlorine determina¬ 
tions failed to disclose excess chlorine at any point in the tanks or in 
the effluent at any time. 

After a review of the available data on the reduction of oxygen demand 
by chlorination, the Committee on Sewage Disposal, American Public 
Health Association, reached the following conclusions (17): 

1. Chlorination, to give residuals of 0.2 to 0.5 p.p.m. after 10 min., 
produces a reduction in oxygen demand (5-day) of 15 to 35 per cent; the 
reduction expressed in p.p.m. being ro\ighly projwrtional to the q\iantity of 
chlorine absorbed. 

2. The evidence indicates a rodiudion of at least 2 p.p.m. of oxygen 
demand for each part per million of chlorine absorbed, the reduction 
expressed in parts per million being fairly constant, irrespective of the 
number of days in the incubation period. 

3. The disturbance of the normal flora and fauna in sewage effluents by 
the addition of chlorine leads to difrculties in the use of the B.O.D. test 
which will require further research oefore the proper interpretation can be 
made of some of the reported results. 

4. Chlorination sufficient to jiroduce free chlorine in a stream receiving 
the chlorinated sewage or effluent will n^tard the normal decomposition 
processes, thereby tending to prevent anaerobic conditions during the 
normally critical period of rapid oxygen depletion. Such retardation of 
decomposition permits opportunity for reaeration and additional dilution 
from tributary streams to maintain aerobic conditions. 

5. In the case of a stream containing extensive sludge deposits, the effect 
of excess chlorine carried in a sewage effluent may be negligible in so far 
as the maintetiance of aerobic conditions is concerned. 

Chlorine as a Deodorant of Sewage. —Chlorine has been used effec¬ 
tively for preventing,the dissemination of disagreeable odors from 
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sewage channels, tanks and trickling filters. As heretofore stated, the 
unportant deodorizing effort of chlorine in sewage treat^nent is asso¬ 
ciated chiefly with its great affinity for H 2 S, a foul-smelling gas. The 
chlorine demand of other sewage matters, as well as of the H 2 S, must 
first be satisfied in order to ma;j^c odor control by chlorine wholly 
effective. 

(ffilorine has been utilized for the control of odors in sewers on a large 
scale in California, particularly in the Los Angeles County Sanitation 
Districts. Griffin has asserted that, in the control of odors in the 
trunk sewer at Elizabeth, N. J., the chlorine demand varied from 10 
to 20 p.p.m. but that 8 p.p.m. proved an effective dose. DonaldvSon 
(18) has stated that, for an operating period of 5 months, the average 
quantity of chlorine used y .is 5 p.p.m. 

Scott (19) has reconur enclevl, as a result of experience at Macon, Mo., 
th|Lt chlorine be appliei' to reduce the hydrogen sulfide in the Imhoff- 
tank effluent to 1.5 p.i>.in., in order to avoid odors from the trickling 
filter. Cohn (20) reports that tht* a])plication of 4 to 6 i).p.m. of chlorine 
Ic the influent of the Inihoff tanks was effective in eliminating odors 
from Imhoff tanks, dosing tanks and trickling filters at Schenectady, 
N. Y. Hackrnaster (8) has found that application of 3.32 p.p.m. of 
chlorine to crude sewage at Independence, Kan., eliminates odors from 
Imhoff tanks and trickling filters. 

A discussion of chlorination of trickling filters for the control of odors 
or for the destruction of surface clogging is given in Chap. XXL 

Gascoigne (21) states that more than 50 plants in this country are 
using chlorine for the control of odors, including Alliance, Ohio, Flint, 
Mich., Independence, Kan., Plainfield, N. J., San Bernardino, Cal., and 
Schenectady, N. Y. 

Cost of Chlorination.—The cost of chlorination, of course, varies 
widely with different local conditions and requirements. Gascoigne (21) 
has prepared the following summary of costs of chlorination for disinfec¬ 
tion, odor control, reduction of pooling on trickling filters and reduction 
cfB.O.D.: 

Chlorine. —Chlorine is now available for purchase in 100- and 150-lb. 
cylinders, ton containers, and tank cars, the price depending upon the 
type of container and upon the distance of shipment or freight cost. With 
cylinders purchased as needed, the price will range from 6 to 7 cents per 
pound of chlorine; wdth cylinders in carload lots from 4 to 6 cents per pound, 
while ton containers range from 2% to 3 cents per pound, to which figures 
it is necessary to add the cost of freight iit both directions. 

Equipment. —Machines with a 10-lb. capacity m 24 hr. cost about $750, 
while machines with a capacity of 700 lb. per 24 hr. cost about $3,500. The 
variation in cost is more or less unifortr between these limits. 

Labor .—The cost of labor or attendance and maintenance of chlorinating 
equipment is relatively small* Very seldom, and even where small qu^ti- 
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ties of chlorine are used, does this figure exceed M cent per pound of chlorine 
used. 

Coat of Diainfection, —Requirements may vary from 50 to 90 lb. per mil. 
gal. for crude, fine screened and settled sewage; from 16 to 25 lb. for acti¬ 
vated sludge or trickling-filtcr effluent. The size of plant will affect the cost. 
For disinfecting the former class of sewage the cost is estimated at from 
$4.50 to $7 (per mil. gal.) for plants averaging under m.g.d.; from $3.26 
to $4.50 for those averaging between IJ^ and 2}^ m.g.d.; and from $1.75 to 
$3.25 for those with more than 2>2- For the latter class of sewage, the cost 
would range from $0.50 to $2.50 per mil. gal. daily. 

Coat for Odor Control. —With a range in quantity of chlorine required 
from 75 to 100 lbs. per mil. gal., and applying it 3 to 10 p.m. during 150 days 
of the year, the cost will be $0.50 to «$2.50 per mil. gal. This figure would be 
substantially reduced if spread over the flow for the entire year. The cost 
at Plainfield last summer, averaging 98 lb. of chlorine per day, was $1.42 
per mil. gal. of sewage passing through the plant, which averaged 3.3 m.g.d. 
About 10,000 lb. of chlorine was used during the year 1929 to deodorize 
stack gases at the Milwaukee sewage plant at a cost of $3,000. 

Coat of Relieving Pooling. —Assuming dosing during 12 hr. of the night for 
six consecutive nights, at rates of 20 to 30 p.p.m., and sewage application of 
1 to 2 m.g. per acre of filter, figures about 1,000 lbs. of chlorine per acre, 
which might be increased 50% for extreme cases. On this basis, the cost 
for filters of less than fifteen acres is from $65 to $100 (per m.g.); for 16 to 
25 acres, $45 to $65; and for 25 acres or over, $25 to $45. 

Coat for Reducing B.O.D. —On the basis of applying 70 to 100 lb. per mil. 
gal. during 120 days of the year, the cost for plants of less than 1)^ m.g.d. 
would be $5.50 to $8.50 (per mil. gal.); those of 1,V2 to 3 m.g.d., $3.75 to 
$5.50; and those more than 3 m.g.d. from $2.25 to $3.75. 
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CHAPTER XXXI 


TREATMENT AND DISPOSAL OF RESIDENTIAL AND 
INSTITUTIONAL SEWAGE 

The principles which govern the satisfactory disposal of the sewage 
from residences, estates and small institutions are the same as those 
underlying successful sewage disposal on a large scale. In applying 
the principles, however, allowance is made for certain factors which 
influence the design of small plants. In the first place, the sewage is 
discharged at rates which fluctuate widely, not only from hour to hour 
of the same day but also from day to day during a week. Where the 
desired degree of purification of the sewage is high and the treatment 
involves methods of filtration which should proceed at fairly regular 
rates, it is evident that the storage of sewage, so as to permit fairly 
uniform delivery to the filters and some uniformity in the composition 
of the applied liquid by mixing the laundry wastes, kitchen wastes and 
domestic sewage together, becomes particuJarly important. In the 
second place, the small size of the plants makes it desirable to have 
them as nearly fool-proof and automatic as possible. Even if the 
owner’s means render economy in management unnecessary, the 
importance of automatic operation is great, because experience shows 
that regular attendance is rarely given to these small plants and they 
are likely to receive no care until something goes wrong and their 
existence is indicated in some unpleasant way. 

There are two general methods of disposing of sewage from residences 
and small institutions: namely, by the dry-pail system and by the 
water-carriage system. 

DISPOSAL OF FECAL MATTER NOT CARRIED BY WATER 

Boz-and-can Privies. —The box-and-can type of privy consists 
essentially of a flyproof box containing a removable water-proof recep¬ 
tacle or can for excreta. This type of privy has been used for many 
years in Europe and its \general principles have been modified and 
adapted for use to a considerable extent in the unsewered areas of cities 
and towns in several of the southern states. To a smaller extent and 
in a somewhat different way, the box-and-can type of privy is used at 
camps and rural, homes in the northern states. As used in the southern 
states, a scavenging system is essential to successful and sanitary 
operation. The filled cans are removed periodically. Either they are 

7$2 
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placed on a platform cart and washed cans are left in their places, or 
the contents of the cans arc transferred lo a tank truck and the cans are 
partially washed and returned. In either case, the collected material 
is disposed of by dumping it into a manhole or special hopper provided 
on a sewer, by applying it to land or by dumping it directly into a large 



Plan 


Fio. 219.—Box-and-can I'Hvy. 

stream. The scavenging is usually done by city employees, but some¬ 
times it is done by a (jontractor. The householder is assessed by the 
city for this service and payment is collected by some city official. 

For rural use, where municipal collection is not practicable, the cans 
must be removed, emptied, washed and replaced frequently. ^ The 
contents should be buried where they can do no harm. It is desirable 
to have duplicate cans, so that each may dry thoroughly before being 
replaced. The use of small cans which must be emptied before their 
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contents become offensive is advantageous. The required addition of 
dry loam or dry powdered j^eat to the contents of the can minimizes 
odors. Figure 219 illustrates such a privy, in which exclusion of flies 
is accomplished by having the seat fit tiglitly upon the top of the can. 
Box-and-can privies liave been used on certain w^atersheds as a means of 
protecting the water supply, the night soil being transported away 
from the watershed. The difficulties of caring for such privies during 
freezing weather are obvious. 



Pit Privies.—The pit privy is the cheapest and simplest form of 
privy available. It consists of an excavation in the ground which, 
when suitably constructed, is flytight and curbed to prevent entrance 
of storm water. Over the excavation is placed a privy house containing 
a seat. Cleaning of this type of privy is not needed, for when the pit 
is nearly full, another can be dug near by. Then the house can be moved 
to a new location and the old pit filled in. Figure 220 represents such 
a privy, as recommended by the Tennessee State Department of Health. 
If such a structure were to be fl3djight it would be necessary to screen 
all ventilating openings and provide a spring which would ensure closing 
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of the door. They recommend also a pit privy in a somewhat improved 
form, having a concrete slab for the floor with seat riser cast integrally or 
made of cast iron. The concrete slab carrying the house and seat can be 
moved to a new location when the pit becomes nearly full. In Texas 
a corrosion-resisting metal slab, with turned-down edges and metal- 
riser, is in use (1). 

Vault Privies. When space does not permit moving the privy to 
a new location each time that the pit is filled, a permanent location 
can be utilized by constructing the privy over a concrete vault, which 
is cleaned out periodically, the contents being disposed of by burial. 
An improved type consists ol a two-compartment vault, each compart¬ 
ment of which has a capacity of 75 to 100 gal., or theoretically sufficient 
•capacity to provide three to six nnaiths^ storage for the wastes of an 
average family. A cleei.-oat opening is provided at the rear of the privy 
house. One compartnieiit is ubed until filled. The seat cover is then 
fastened down and the contents are allowed to remain undisturbed until 
the second compartment is filled. The first compartment is then 
scavenged and jmt into se^rvice, while the second stands idl'^ in turn. 
When first developed, it was expected that this procedure would produce 
a somewhat dried, inodorous material, free from pathogenic bacteria, 
but in i)ractice liquefaction tends to take place, making scavenging 
difficult. The contents an^ usually far from inodorous. The impor¬ 
tance of fly-tight construction is obvious. 

Many concrete-vault i)rivies were constructed at the cantonments 
build during the World War. They lessened soil pollution and aided 
in ])reventing the spread of disease. Afore recently, however, these 
vaults have presented difficult problems of scavenging and maintenance. 
The actual disposal of the vault contents by burial often nullifies the 
value of a vault in preventing soil pollution. 

Septic Privies.—A tyj^e of privy developed by Lumsden, Roberts 
and Stiles of the U. S. Public Health Service, sometimes called the 
“L.R.S. privy,” consists of a two-compartment or baffled watertight 
tank, provided with an overflow to drainage tile. The seats and house 
are mounted directly over the tank. Water is added regularly and the 
scum is broken up frequently. Although at first widely advertised as a 
type of privy requiring little or no care, it actually needs regular atten¬ 
tion in order to give satisfactory service. The capacity required 
depends upon conditions of use. The following capacities, recom¬ 
mended by Hardenbergh (2) for average installations, allow a margin 
for safety: 

For 7 persons or less. 200 gal. working capacity 

For 8 to 10 persons.. 250 gal. working capacity 

For more than 10 persons. Atld 20 gal. per capita 
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Anaerobic bacterial action takes place within the septic privy, as in a 
septic tank, changing and reducing the solid matter. Addition of horse 
manure or sludge from another tank hastens bacterial action when 
starting a new tank. Provision is made, by means of a manhole or 
removable top, for removing sludge when necessary. The frequency 
with which cleaning, is required depends largely upon the capacity of 
the tank and the care given it. The interval between cleanings has 
been found to vary from six months to five years. When the interval 
between cleanings is long, there is danger of flushing accumulated sludge 
solids into the tile drainage system, vrhich may clog it. 

Chemical Closets.—There are two types of toilets utilizing chemicals 
to deodorize and sterilize the excreta deposited within them. The com¬ 
mode type consists of an outer metal container or box, ecpiipped with 
a water-closet seat and a ventilator pii)e, which may be extended through 
the roof or wall or else connected to a chimney flue. Inside the outer 
container is a watertight can or pail, in which is placed a small quantity 
of chemical solution. This can is emptied, as in the case of the box- 
and-can privy, at intervals of a week or oftener, depending upon 
the number of persons using it. 

The storage type consists of a tank, usually with an approximate 
capacity of 125 gal., directly over one end of which is placed a vitreous- 
enamel clo'set bowl, much resembling the ordinary flush bowl. The 
bowl is connected to the tank by a straight pipe. The tank may be 
so located that one end with a manlnjlc is outside the building, while 
the other end, with the bowl connect'd, is inside. One manufacturer 
provides an overflow for the effluent, to be connected to a tile drainage 
field. Tanks produced by other manufacturers have a drain valve to 
empty the tank when nearly filled. In this case, the contents are 
discharged to a drainage sump. The tanks are provided with agitators 
to break up the solids and keep the contents well mixed. It is essential 
to satisfactory operation that the agitators be used daily or oftener. 

Caustic soda is the principal ingr»)dient of the chemical commonly 
used in the tanks and commodes For the latter, phenol compounds 
and pine-tar disinfectants are sf»metimes supplied. Probably complete 
sterilization is seldom obtained with other than the caustic soda. 

The tank type of chemical closet has been provided for use by con¬ 
struction crews of waterrsupply reservoirs, where it was necessary 
to prevent the pollution Of a stream already being used as a water supply 
or to prevent contamination of the reservoir bottom. On one job a 
tank cart was utilized to transport the chemical-tank contents outside 
the drainage area. 

DISPOSAL OF WATER-CARRIED WASTES 

Quantity of Sewage from Residences and Institutions.—As pointed 
out at the beginning of this chapter, the sewage discharged from 
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residences and small institutions is subject to uncertain and fluctuating 
flow. Hence it is often difficult to estimate the quantity of sewage to be 
handled in a small treatment plant. 

A study of sewage flow from farm homes has led Lehmann, Kelleher 
and Buswell (3) to suggest that in f’esigning septic tanks the following 
allowances be made for average sewage flow from homes of different 
sizes: 


7 persons, 25 giil. per capita daily 
9 persons, 23 gal. per capita daily 
12 persons 20 gal. per c^apita daily 
15 persons, 18 gal. per capita daily 

The quantity oi’ sewage Iroru institutional jilants varies greatly with 
the extent of the laundry aivl bathing activities, the admission of roof 
\\ater to the sewers ai d the ground-water infiltration. In the case of 
the treatment plant of tlie Boys^ Industrial School at Lancaster, Ohio, 
the State Board of Health reported in 1908 that the r *te of flow between 
10 p.M. and 5 A.^r. was uniformly 37 gal. j)er capita, while the average 

Table 148.— (Juantities op Sewage fiiom Institutions 


Institution 


i Popii- 
I lation 


CJal. per cainta 
daily 


Alliance, Ohio, Childreid.s Home. ^ 175 80 measured 

Bedford Station, N. Y., Montefiorc Home. 300^ 100 estimated 

Oollingwoo<l, Ohio, Luke Shore R. R. shops. 1.525| 131 measured 

Dayton, Ohio, Montgomery County Infirmary. 350| 21- 29 measured 


Gallipolis, Ohio, County Infirmary. 40! 40 estiiriated 

Gallipolis, Ohio, State Hospital, main building.s. 1.450' 122 measured 

Gallipolis, Ohio, State Hospital, Cottage 1. 225. 127-211 measured 


Lake Kushuqua, N. Y., Stony Wold Sanatorium ■ 125; 

Lancaster, Ohio, Boys' Industrial Homo. 1.150! 

Mansfield, Ohio, State Reformatory. 820; 

Marietta, Ohio, Washington County Iiifirinary.., 80^ 

' i 

Massillon, Ohio, State Hospital. I l,fi00j 

Morgan's, Ohio, Institute for Feeble Minded.. .| 265; 

Oakdale, Mass., County Truant SelM»ol. 60! 

Pleasantville, N. Y., Hebmw Children's Home j l.lOOj 


120 estimated 
60- 55 moasurod 
(37 - 83 measured 
31 measured 

137 measured 
53 measured 
60 measured 
40-100 measuml 


Sandusky, Ohio, Soldiers' and Sailors’ Home. .. i 1,125 

Southboyou^h, Mass., St. Mark's School.i 216 

Toledo, Ohio, State Hospital.1 2,000 


161 measured 
140 measured 
160 measured 
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for 24 hr. was only 50. In general, the quantity of sewage varies from 
15 to 175 gal. per capita daily, depending upon the type of institution 
served. 

The rates of flow given in Table 148, obtained by measurement except 
in three cases, indicate that institutional sewage is likely to have a 
considerable volume per capita. 

The following figures give the range of quantities to be expected from 
various sources, as estimated by the authors in the design of small 
disposal plants: 


Gal. per Capita 


Daily 

Industrial plants. 15-50 

Institutions other than hospitals. 22-60 

Summer residences. 25-75 

All-year residences. 50-100 

Hospitals. 100-160 


Cesspools. —Cesspools have been used for many years for the disposal 
of liquid wastes and are still quite common in this country. Their use 
has been strongly condemned by health officers, because of the danger 
of polluting nearby wells. In the absence of such wells and in a porous 
soil, however, they have a limited application. 

The leaching cesspool is merely a dry-laid masonry well, usually with¬ 
out any masonry on the bottom. * The sewage flows into it and leaches 
into the soil. Eventually the solids in the sewage fill the well and clog 
the soil, necessitating the digging of another cesspool. It seldom pays 
to remove the solids because of the clogging of the soil. In constructing 
a cesspool it is common practice to draw in the masonry of the top of the 
well and provide some sort of cover for the top, like the top of a manhole, 
and the upper 5 ft. of the masonry is often laid in mortar to prevent 
injury by frost. In North Carolina, where the soil is largely impervious 
clay, the health authorities do no* allow the installation of leaching 
cesspools. 

London and Paris at one time had tight cesspools, as described in 
the introduction to Vol. I, the contents being removed by contractors. 

Two cesspools have sometimes been used in tandem on country 
estates, the first one bein^ tight and acting to retain the solids so that 
there is little clogging of the soil surrounding the second or leaching 
cesspool. Septic action takes place in the first cesspool and the solid 
matter, or night soil, retained in it is removed occasionally. 

According to Ryon (4), the size and form of leaching cesspools are 
of little importance, as long as sufficient absorptive area is provided. 
It is generafly found convenient and economical, however, to make 
leaching cesspools circular in form, 6 or 8 ft. in diameter and 6 to 10 ft. 
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decpi constructing a sufficient number to provide the necessary absorp¬ 
tive area. 

Table 149 shows the necessary absorptive area for different seepages, 
as given by Ryon. This table assumes that the cesspools are 6 to 10 ft. 
deep. 


Table 149.—Necessary Absorptive Areas for LEAcmr^a Cesspools 
IN Soils op Various Absorptive Qualities 


Time for wate r 
to fall 1 iii. 


Square feet of absorptive • 
area required per capita 


Dwellings, Day schools 
etc. and factories 


10 sec. or less 

15 sec. 

30 sec. 

45 sec. 

1 min. 

2 ruin. 

3 min. 

4 min. 

5 min. 

10 min. 

15 min. 

30 min. 

45 min. 

1 hr. 


10 

2.5 

! 

2.8 

12 

2.9 

13 

3.1 

14 

3.5 

17 

4.2 

20 

5.0 

23 

5.8 

25 

• 0.3 

33 

8.3 

40 

10.0 

03 

16.0 

87 

22.0 

no 

28.0 


In Table 149 the column headed ‘Hime for water to fall 1 in.^’ affords 
a measure of the absorptive quality of the soil. The figures are deter¬ 
mined in the following manner: 


A pit is dug to approximately one half the depth of the proposed cesspool. 

A hole about 1 ft. square and 18 in. deep is then dug in the bottom of the pit. 
This* hole, Ryon states, is filled to a depth of about 6 in. with water, cam 
being taken to wet the soil before pouring the water in for the test, if it 
appears dry. The time that it takes for the surface of the water in the 
hole to fall 1 in. is then observed. 

The temperature has some effect oli this test, but for the ordinary tem¬ 
peratures of soil and water, about 60 °F., it is sufficiently accurate for 
practical purposes. The test should not be made, however, in a hole that 
has been exposed for some time to a hot summer sun and hot water should 
not be used. In either of these cases, the time for the water to fall 1 in. 
would be too short to be a measure of the true absorptive quality. On the ^ 
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other hand, if the test were made in frozen soil or with ice water, the time 
would be too long. 

Data concerning typical installations of cesspools are given in Table 
150. 

Table 150. —Characteristics op Sewage-treatment Plants Employing 


Settling Tanks anc 

Cesspools 



Barnstable Co. 

Residence, 

Location 

Infirmary, 

Tyngsborough, 


Pocasset, Mass. 

Mass. 

Number of persons served. 

00 

0 

Per capita allowance, gal. daily. 

50 

50 

Total sewage flow, gal. daily. 

3000 

300 

Settling tanks: j 



Number. 

1 

1 

Total capacitv, gal. 

3000 


Detention time, hr. 

24 


leaching cesspools: 



Number. 

2 

! . 1 

Depth below water surface, ft. 

3.8 and 0.3 

3 

Diameter, ft. 

0 ! 

4 

Absorptive area per capita, s<i. ft. 

3.2 

0.3 

Volume per capita, gal. 

35.0 

47,1 

Sludge-drying beds: 

i 


Number. 

1 ! 

None 

Total area, sq. ft. 

400 I 


Capacity, persons per acr(5. 

0550 1 


Depth of sand below distributor, in.... j 

12 I 


Character of subsoil at site. ' 

Sand 1 

Sand and 


! 

boulders 


Single-story Septic Tanks.—Sept’-j tanks, which have been discussed 
in Chap. XV, find their widest application in treatment of sewage from 
residences and institutions, where sewerage systems are not available. 
The primary object of the septic tank is the removal of suspended solids 
by sedimentation. A sufficiently large tank is provided to allow a 
suitable period for the hejavier organic material to settle out and for 
the lighter constituents tb rise to the surface as scum. Such tanks, 
when designed for residences and small institutions, commonly provide 
a detention period, including sludge space, of 14 to 72 hr., th<^ usual 
allowance being about 24 hr. 

Based upon a study of the factors affecting the efficiency and design 
of farm septic tanks, Lehmann, Kelleher and Buswell (3) make the 
following recommendations for the design of such tanks: 
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For a single-chamber tank provide an effective retention period of 48 hr.^ 
with an allowance of 60 per cent additional capacity for sludge storage, or a 
total retention period of 72 hr. of sewage flow. 

For a more efficient plant use a two-clianiber tank. Provide a retention 
period of 72 hr. in the first chamber (effective retention period of 48 hr., 
with 50 per cent additional capacity .or sludge storage) an.i an additional 
retention period of 30 hr. in the second chain])or, or a total r' tontion period 
of 108 hr. 

Make the minimum-sixed Uiuk large enough fur 7 people: in order to main¬ 
tain ample tank dimensions for propia* scttl(mion(. of solids; to allow for 
additional people in the house; because the rechictiou in (;ost is small for 
tanks under this suggestOtl jniniinum; with loss than 7 people, the additional 
(capacity insiircs more effieient opm-ation and less frequent cleaning. 

The recoininendations o/ these investigators as to capacity and dimen¬ 
sions of septic tanks ar<'..suminflrized in Table Idl (3). 

"f^AULE 151.— Suggested (/Acacity and Dimknsion.s of Septic Tanks to 
Accommodate Diffehent Numbers op Picrsons 


i 


Capacity required 


1 Jxmgtli for 1 



Sewage 

in fii'st chamber for 

Effec- 

1-chamber 

Length for 

Num- 

flow per 

72-hr. retention 

1 tive 1 

tank or for 

second 

lier of 

capita 

. . _L.-- 

. -1 

' cross- 

first chain- 

cliambcr of 

persons 

daily, 

i 

1 

1 

section, 

her of 2- 

2-chamber 


gal. 

Gal. 1 

CIu. ft. i 

! 

chamber 

tank, ft. 



1 



; tank, ft. 


7 

25 

I 52J 

70 

i 3 X 4 

0 

o 

9 

23 

020 

83 

1 3X4 

1 7 


12 

20 

720 

90 

! 3 X 4 

; 8 

4 

16 

18 

810 

108 

! 3 X 4 

' 9 

1 

4 S' 


Septic tanks are usually constructed of concrete, i)lain or reinforced, 
although brick, stone, tile and concrete block might serve fairly satis¬ 
factorily for the walls of small tanks. Iron tanks coated with asphaltic 
compounds seem also to give satisfactory results. These metal tanks, 
as sold by commercial houses, are equipped with baffles and pipe stubs, 
so that they are ready to install and connect to a filtration system. 

Some provision is usually made at the inlet of a septic tank to prevent 
the entering sewage from disturbing the solids settling in the tank 
and also to (irevent short-circuiting. This may be accomplished either 
by using a horizontal tee at the end of the inlet pipe or by placing a 
baffle in front of the inlet. The outlet of the tank commonly is equipped 
to prevent the escape of floating solids, by the use of a tee, bend or 
baffle. For convenience in exaiiiining the interior of the tank and for 
cleaning it, manholes are generally provided. 
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A tank design used by the authors for sewage-disposal plants serving 
5 to 10 persons is shown in Fig. 221. The septic tank has a capacity of 
500 gal. and the dosing tank a capacity of 115 gal. 

The statements of some persons and commercial concerns that septic 
tanks dissolve all the solids, that they never need to be cleaned and 
that the liquid leaving them is pure and free from germs, are not true. 
Septic tanks generally require cleaning at intervals of six months to a 
year, if they are to perform their function of removing solids satis¬ 
factorily. The liquid leaving them may putrefy and give off odors, 
if not suitably disposed of, and it is never free from bacteria, often 
containing more than the raw sewage. If the tank is not cleaned 


Heavy 
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Fio. 221.—Septic tank and dosing tank for subsurface irrigation system. 


sufficiently often, fine particles are carried out with the effluent and 
the secondary-treatment unit may become clogged with undue rapidity. 

In designing septic tanks, when considerable fall is available it may 
be convenient to make the bottom of the tank in the form of a hopper, 
or several hoppers, with side slofHjs of about 45 deg. If pipes are led 
from the bottoms of these hopi)erg to the top of the ground at a point 
4 or 5 ft. below the flow line of the tank, the sludge may be drawn off 
into containers or upon a sludge bed, generally without draining off all 
the liquid. This can also be accomplished by using a pump, if fall is 
not available fomdrawing* off the sludge by gravity. 

Where no provfeion is made for drawing off the sludge by gravity, 
the most' satisfactory method of removing the solids from a septic tank 
is usually found to be pumping them into a tight tank with a diaphragm 
pump of a ty]^ made especially for pumping out cesspools. The con¬ 
tents of such tanks are emptied into the nearest manhole of a sewerage 
system, where such a system is available; otherwise, they are emptied 
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into a body of water where there is no danger of poiluting a water 
supply or shellfish beds, or else into shallow trenches dug in the ground. 

Two-story Septic T^s.— Two-story or Imhoff tanks have not 
usually been found satisfactory for small installations. They cannot 
be covered as can single-story tanks for the entire surface of such a tank 
needs to be accessible, if it is to be operated efficiently, and an open 
tank or one covered by an easily removable roof or a small building is 
generally undesirable in a place where a small tank is required. Further¬ 
more, two-story tanks need almost daily skimming and squeegeeing, 
if they are to operate in an entirely satisfactory manner, and such 
attention is seldom possible at a private dwelling or small institution 

Where conditions are suitable and the plant is of sufficient size, the 
:vdvantages of the Imhoff tank over the septic tank are principally the 
possibility of producing kxi offlueiit containing less suspended matter 
and one that is less pi.trescible, as well as the possibility of producing 
an inoffensive sludge. In order to obtain these advantages, it is neces¬ 
sary that the tank be suitably designed to meet +he conditions and 
be efficiently operated. Unless both these requirements are met, 
serious difficulties may be experienced. In numerous instances the 
effluent discharged from such a tank was of poorer quality than might 
have been obtained from a suitable septic tank installed to meet the 
same conditions. 

It has been found particularly difficult to obtain satisfactory results 
from Imhoff tanks where the sewage is fresh and the solids are net broken 
up by pumping, by closely spaced racks or fine screens, or by travel 
through a long line of sewers. When sewage is quite fresh, it contains 
a considerable quantity of floating matter, which may form scum in 
the tank instead of settling. In a septic tank this is not nearly so 
serious as in an Imhoff tank. 

Imhoff tanks for small plants commonly are designed with sedimenta¬ 
tion compartments of such a size as to provide detention periods of 
2.5 to 6 hr. Common allowances made for sludge are 1 to 2 cu. ft. 
per capita. 

Sludge-cUying Beds. —As a rule, the quantity of sludge to be disposed 
of from a residential or small institutional plant is too small to warrant 
the expense of constructing sludge-drying beds. In some instances, 
however, sludge beds have been provided in small treatment plants, 
especially to accompany the use of settling tanks and leaching cesspools. 

It is particularly important to the satisfactory operation of cesspools 
that the preliminary treatment of the sewage in settling tanks be as 
efficient as possible, for if solids are allowed to enter a cesspool they 
tend to clog the soil and thus prevent the liquid material from leaching 
out. Furthermore, it is reasonable to assume that a settling tank which 
is provided with a sludge draw-off and a sludge-dr 3 ring bed is more apt 
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to be kept in condition for efficient operation than one which is not 
equipped thus. For this reason, it may be wise to build a sludge bed 
for a system involving settling tanks and leaching cesspools. 

Sludge beds are commonly constructed of sand from 12 to 18 in. in 
depth. The area of sludge beds for small plants usually varies from 
6 to 25 sq. ft. per capita. Table 150 contains some data on sludge beds 
used in connection with settling tanks and cesspools. 

It is common practice to conduct the sludge on to the bed by means 
of an S-iii. pipe. Ordinarily underdrains are provided to collect the 
effluent after its passage through the sand, but if the soil beneath the 
sand is quite porous, it may be possible to omit underdrains. 

Subsurface Irrigation.—A means of secondary treatment of septic- 
tank effluent of particular value for country houses is subsurface irriga¬ 
tion, which has been used extensively in the United States since about 
1870. This system consists of a series, of pipes, laid below the surface 
of the ground, with open joints so that the sewage may pass out into 
the surrounding soil. A dosing tank with a siphon is usually provided, 
so that the whole pipe system may be filled by the flush of sewage. In 
this manner all the flow is prevented from trickling out at a few joints, 
as it would if the sewage came in a slow, continuous flow. Intermittent 
discharge also permits all the earth about the laterals to be drained 
and aerate'd between doses. Experience shows that the best results 
are obtained when the ground where the pipes are located is not shaded. 
Subsurface irrigation systems are out of sight, do not generate odors 
and operate satisfactorily in the winter. On the other hand, the grass 
over the laterals grows rank, the effluent may not be so good as from 
a sand filter, owing to insufficient aeration, and if much suspended 
matter is allowed to pass from the septic tank into the pipe system, the 
latter has to be dug up and relaid after a few years. Systems of this 
kind with efficient septic tanks, however, remain in operation for years. 

In 1920 a committee of the American Public Health Association 
made a report on rural sanitation, which includes a study of subsurface 
irrigation systems. The following outline, giving a theoretical basis 
for the design of tile distribution systems, follows the committee’s 
report quite closely (5). 


Area of Tile Field. —Qn the assumptions that the soil is highly compacted 
and that its grain size is that of very fine sand or silt with an effective size 
of 0.025 mm. and a uniformity coefficient of 2.6, Hazen^s formula for the flow 


h/T -f~ 10\ 

of water through sand, v » —60~^)* indicates that the daily down¬ 


ward percolation of water corresponds to a depth of sewage of 4 in. over 
the surface. In this computation c is taken at the extremely low value of 
200 and the temperature is assumed to be 40‘^F. 
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If a factor of safety of 6 , corresponding to 0.8 in. of water daily, be assumed, 
a limit of 0.8 X 144 231 = 0.5 gal. per square foot is found, which is the 

amount used. One half gallon per square foot at 50 gal. per capita daily 
corresponds to 100 sq. ft. per capita. For a smaller per capita volume and 
correspondingly stronger sewage, increase the area per gallon by basing it 
upon 100 sq. ft. per capita. Thus ‘ i derived the first nde— Area of Tile 
Field: Not less than 100 sq. ft. per capita, nor less than 2 sq. ft. per gallon 
daily. 

Length of Tile. —If a — area in sq. ft., p ~ population, I = length of tile 
in ft. and s = spacing of tdcs in ft., then the area being fixed, length and 
spacing of tile arc interdei>endcnt, for a = ph. It may be assumed that the 
liquid and colloidal organic i.iatter permeates the entire area of the tile 
field for a greater or loss depth, but solids which may be carried into the tile 
will move but a short distance away from the tile joints and be filtered out 
from the liquid which pasf 4 ou by capillarity through the soil. It may be 
assumed that the suspir n<*ed .solids which are carried over into the tiles will 
«iot amount to more ban 100 p.p.m. About one-third of these will be 
inorganic and about two-thirds will be organic and will be partially taken 
up by vegetation or dissipated in the soil. At a spoc'?c gravity of 1.5 this 
becomes for 50 gal. 

50 X 100 X 231 1 1 

iToooTooo x^rs = P"’’ 

This material will be very fine and may, to some extent, be washed away 
from the joints into the earth by the flowing sewage; but if this action be 
neglected and it be assumed that it fills the voids in the soil adjacent to the 
tile for a radius of G in. and that the voids amount to 20 per cent, there will 
be a cylinder 12 in. in diameter and 12 in. long surrounding each j unt, from 
which must be taken the volume of the tile. For a 2 -in. tile W in. thick 
I he volume of voids in the hypothetical cylinder of earth will be 

12 X 7 r( 6 * - 1V^2) X 0.20 =» 255 cu. in. 

255 0.77 - 331 days per capita per joint* 

Applying a factor of safety of three gives 110.3 days per capita per joint. 
6 years =* 2192 days. 2,192 -h 110.3 = 19.8. Hence use a length of tile 
of 20 ft. per capita and it ina}^ be expected that the plant will operate on the 
above basis for about 6 years. 

If again it be assumed that the inorganic solids gradually collect in the 
tile and that the limit is reached when the tile Ls half filled, the following 
results: Volume of 2-in. tile, 20 ft. long, half full = 7 rXlOX 12 = 377 
cti. in. 

377 3 xK 5 xT^(^ - ^ = ^ 

Spacing of TiU. —The area and length of tile having been obtained, the 
spacing between lines of tile is dfet-srrained as follows: 
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whence 


s ^ a -r pi 
I = 20 

“ fit "T* 20^ 


By the first rule above mentioned, a must be not less than 100 sq. ft. per 
capita = lOOp, nor less than 2 sq. ft. per gallon daily = 2pG where G = 
gal. per capita daily. If those values of a be used, the limiting minimum 
values are: 

s = lOOp 4- 20p = 5 
8 — 2pG -j- 20p = (x -r 10 

Slope of Tile .—An efficient system operates equally from every joint, 
covering the entire area. A small drizzling flow will pass out at the first 
joint and, at best, discharge from but few; therefore provide a flushing 
siphon and make each discharge equal to the capacity of the distributing 
tile. This is important and often, when overlooked, the result is failure. 

The time of filling the drains is short compared with the time of emptying, 
hence the discharge from the tile joints is under hydrostatic conditions. 

In order to make the flow from all joints equal, the head must be the same 
over the whole system, hence lay the tile level. ^ 

Any collection of sediment in the tile would be apt to be carried on and 
piled up and the tile eventually plugged if operated under great velocity 
and high head. 

For the longest system usually contemplated 20 lines of tile 100 ft. long 
will suffice and will readily fill from a common header. Five feet of 4-in. 
header will hold a volume equal to 20 ft. of 2-in. tile. Five-inch and 6-in. 
headers, respectively, will fill 31.25 ft. and 46 ft. of 2-in. tile. 

Size of Tile and Number of Discharges Daily .—With the area, length and 
spacing determined, the size of tile is next to be found. 

The area is based mainly on the amount of liquid handled, the length of 
tile upon the population contributing. 

The amount of each discharge has been specified as equal to the capacity 
of all the tiles. Hence this capacity equals the total daily flow (Q) in gallons 
divided by the number of discharges per day (n), or algebraically as follows: 

g -5- n = (Trd* X 12 X 20p) (4 X 231) 

whence, if d = the diameter of the tile, in., 

d® = (4 X 231Q) -4- (tt X 12 X 20np) * (7 0.816n, 

hence d = l.ll\/(r -5- n and n ^ G -i- 0.816d* 

For d = 2 in., n =* G 3.264 

For d = 3 in., n = G -i- 7.344 

For d = 4 in., n ^ G 13.056 

If the values of n for various values of G in the last three equations be 
plotted, there result three lines for d « 2 in., 3 in. and 4 in., which are 
shown in Fig. 222. 

1 Slopes of 2 to 5 in. per 100 ft. are commonly employed in practice, because the joints 
nearest to the tank begin to discharge first and therefore will discharge more than the more 
distant joints, unless some slope is provided. 
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Note that 9.2 discharges daily will not be exceeded in 4-in. tile until the 
per capita flow is over 120 gal. daily, that 3-in. tile with 15 discharges will 
carry 110 gal. per capita daily and that 2-in. tile does not discharge more 
than 15.3 times for 50 gal. per capita daily. With a 2-in. tile the daily 
limit of yi gal. per square foot will fill 3.06 ft. of the tile and at the pre¬ 
scribed spacing of 5 ft. there will b 5 X 3.06 - 15.3 discharges daily. 
Evidently the smaller diameter of tile is cheaper, as is also the smaller 
dosing chamber. If it be considered that about one-half the daily flow is 
concentrated in 8 busy hours and if the discharges during this period be 
limited to one per hour, we shall have 16 in 24 hr. This may be taken 
as the limit and will confine inost rural plants to 2-in. tile. It will be noted 



Fio. 222.- -C^ipacity of subsurface irrigation tile. 

from the diagram that 3-in. tile will not exceed 11 doses per day at 80 gal. 
per cajjita per day. 

Thus the second rule is derived: 

Tile Distributors — 

(a) Length, 20 ft. per capita. 

(b) Spacing, gal. per capita -i- 10, but not less than 5 ft. 

(c) Diameter, 2 in. up to 50 gal. per capita and 16 discharges daily; 3 in. 
above 50 gal. per capita daily. 

From which follows the third rule; 

Number of discharges per day == daily flow contents of tile, but not 
over 16. 

It will bo noted that this system depends upon the porosity of the soil 
and its drainability. If it is very open a smaller area might be used and the 
length of tile per capita reduced proportionally. The diameter and capacity, 
however, are dependent upon the number of discharges per day, A larger 
tile will hold a larger deposit of solids before it is choked, but efficient 
sedimentation should be provided in advance and it must be remembered 
that it may be necessary to relay the tile at intervals of 4 to 6 years, although 
there are cases where a system has operated successfully for 12 years. 
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The tile used in subsurface irrigation systems may be either unglazed 
drain tile or glazed tUe, 2 to 6 in. in diameter. The authors recommend 
breaking away the upper two thirds of the bell of glazed pipe and then 
laying it with a ?^-in. opening between the ends of the pipes. Crushed 
stone 2 to 3 in. in diameter is then placed by hand over the opening 
to prevent the entrance of small gravel and sand. In some cases the 
entire pipe is surrounded with graded gravel, extending two inches 
below and an equal distance above the pipe and for the full width of 
trench. The tile lines are commonly laid in trenches 12 to 18 in. wide 
and 1 to 3 ft. deep. A greater depth is not generally objectionable 
in part or even all of the field, if the elevations require it or if the soil 
at the greater depth is more porous. The lines of pipe usually are laid 
3 to 6 ft. apart. The slope of the lateral pipes depends somewhat on 
the porosity of the soil. In porous material it is generally greater 
than in more impervious soil, so that some sewage may run all the way 
to the lower end of the system instead of all of it flowing out of the first 
few openings. In general, the slope is 2 to 5 in. per 100 ft., or 0.0017 to 
0.0042. The length of lateral pipe necessary is generally estimated 
At 20 to 100 ft. per person connected, depending on the porosity of the 
soM. 

Table 152 gives some characteristics of small sewage-treatment plants 
employing subsurface irrigation. 

Subsurface Filters.—Where the soil is so dense and impervious as 
to make the use of filter trenches or leaching cesspools impracticable, 
subsurface filter beds are often useful, expecially if the best site for a 
filter is near a dwelling, so that an open filter might prove a source of 
annoyance. 

The filter is usually constructed by excavating a suitable area to a 
depth of about 4 ft., with the bottom sloping to one or more depressions 
for underdrains. The underdrains of 4- to 6-in. tile pipe are laid 4 to 
10 ft. on centers, with open joints surrounded by coarse gravel. Smaller 
gravel and a layer of sand are placed above the underdrains. This 
provides the filtering medium, v.^ich is preferably a clean sharp sand, 
free from dirt and not haying too great a proportion of either fine 
material or gravel. Fine material may clog the filter or allow the 
sewage to pass very sloswiy, while coarse material may allow the sewage 
to pass through wif^^i<oxidation. On the surface of the sand, 4- to 
6-in. distribution pi|^ Are laid parallel to, but not directly above, the 
underdrains. The distribution pipes are laid in a similar manner to 
the underdramn; 4 |feo 10 ft. bn centers, with open joints, and are sur¬ 
rounded by jp^ed gravel which sometimes extends completely over 
the surface ofsand, to aid in distribution. The authors provide a 
dope of 4 tb 6ln. per lO^ ft. for underdrains but none for the dis¬ 
tribution 
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Tablb 162, —Characteristics of Sewage-treatment Plants Employing 
Settling Tanks and Subslrfacb Irrigation 


Ixication 

Residence, 

Hamilton, 

Mas{|^ 

Residence, 

Wenham, 

Mass. 

Residence, 

Wrentham, 

Mass. 

Stable, 
Middle- 
town, R. I, 

Number served. 

10 

14 

10 

22» 

Per capita allowance, gal. 




daily. 

60 

71 

50 


Total sewage flow, gal. daily 
Settling and dosing tanks: 

. 500 

1000 

500 

1100 

Settling compartments: 





i Number.;. 

2 

2 

2 

2 

Total capacity, gal 

^ 600 

1000 

500 

2000 

Detention time, hr.\ * 

24 

24 

24 

43.6 

'Dosing compartmenti 





Effective capacity, gal. 

115 

230 

115 

936 

Size of siphon, in. 

4 

4 

4 

5 

Drawing depth, in.... i 

14 

14 

i 14 

23 

Number of daily doses 

4.3 

4.4 

4.3 

1.2 

Average rate of dis¬ 





charge, c.f.s. 

0.4 

0.4 

0.4 

0.7 

Subsurface irrigation: 





Total length of pipe, ft.. 

290 

500 

250 

1100 

Length per capita, ft.... 

29 

3() 

25 


Gallons daily per ft. of 





length. 

1.7 

2 

2 

1 

Diameter of pipe, in. 

Depth of invert below 

6 

4 

4 

4 

surface, ft. 

3 

3 

2-3 

2 

Slope of pipe. 

0.0025 

0.0025 

0.0026 

0.001 

Character of subsoil at site. 

Sandy 

Sandy 

gravel 

Loam and 
fine sand 

Clayey 

hardpan 

Assumed period of occu¬ 





pancy of building. 

Summer 

All year 

All year 

All year 


^ 7 men and 15 ho^i^. 


The excavation above the gravel is filled to within a foot of the 
original ground surface with the excavated material and finished with 
loam to the original or desired ground level. The ground above the 
filter may be seeded with grass, but*u§ually no trees, bushes or shrubbery 
are planted over the bed, because the^roots are likely to clog the joints 
of the distribution pipes. 

Subsurface filters commonly provide 0.8 to 2 sq. ft. of surface area 
for each gallon of sewage daily,"^ depending upon the strength of;the 
sewage and the fineness of the sand. For residences, areas between 26 
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and 90 sq. ft. per capita usually are employed, while for day schools the 
requirements are generally between 12 and 20 sq. ft. per capita. 

Itiverts of distribution pipes are commonly laid 20 to 30 in. below 
the surface of the ground. The depth of sand below the distributors 
generally ranges from 21 to 36 in. for residential plants, while for larger 
installations greater depths are sometimes employed. 

Fig. 223 shows a plan and section of a typical subsurface filter. 



'4''Under<Ir^{n ■*; 3 "^ 


Section A“A 

Fig. 223.—Typical su^surfare filter. 


'Gravcfi fo/lfite 
^Grovef V>e 


Dosing Tanks.—When secondary treatment of sewage is provided 
in the form of subsurface irrigation or filtration, it is essential to apply 
the sewage in doses. While it is sometimes necessary, because of 
insufficient fall, to instali a jfump for this purpose, the dosing can 
usually be accomplislied" by means of a dosing tank equipped with an 
automatic siphon. ^ , 

The purpose of a d^ing tank is twofold: first, to secure intermittent 
discharge, thus ^ihai^g a considerable period of time for one dose to 
work off in the soQ-ind for air to .enter the pores before another flush 
is received, an^ second^ to silcure distribution over a larger area and 
in a more ev^ manner than where the sewage is allowed to dribble 
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and produce the objectionable condition of a small area of water-logged 
ground. 

For subsurface irrigation, Ryon (4) states that the best results are 
obtained if the size of the dosing tank is such that the dose equals about 
70 per cent of the cubic content of the tile in the section or sections of 
the field receiving the dose. If it is iuuch smaller than this, the dose 
will not reach the extremities of the tile lines and if much larger, after 
the tile has clogged a little with use, the dose will be greater than the tile 
can hold and sewage will show on top of the ground. Dosing tanks 
for residential plants are commonly equipped with 4-in. siphons, while 
larger installations, such as those for hospitals, sometimes require 
siphons as large as 8 in. 

The dosing tank is often constructed as an integral part of the settling- 
tank structure. The loss of head between inlet of settling tank and 
outlet of dosing tank variv^s, of course, with the depth of the various 
iiL^allations. The ordinary range of this loss of head is from 2 to 
53^ ft. In fact, it is possible to place the outlet of the dosing tank at 
practically the same level as the inlet to the settling tank and allow 
the sewage to back up in the house sewer. Such a design is occasionally 
necessary, when the ground water is unusually high, allowing little fall 
between the plumbing fixtures and the point of final treatment of 
the sewage. 

Grease Traps.—In order to prevent subsurface irrigation and filtration 
systems from rapidly becoming clogged with grease and soap from 
kitchen and laundry wastes, grease traps are often installed. The 
purpose of a grease trap is to provide a reservoir of sufficient capacity to 
reduce the temperature of such wastes, which in large estates, institu¬ 
tions and camps often contain much grease. Cooling of the hot wastes 
causes the grease to separate and float on the surface, from which it 
may be removed by skimming. If allowed to continue on in the sewer, 
the grease may coat the pipe and eventually clog it. Furthermore 
it tends to coat particles of organic matter, causing them to float instead 
of settle in sedimentation tanks. Grease digests with difficulty and 
often causes much trouble in Imhoff tanks. 

Hiker (6) states that at some of the army cantonments during 1917 
and 1918 grease traps installed at sewage-treatment plants did not give 
satisfactory service. Where the grease did come to the top, the putresci- 
ble organic matter would settle to the bottom and become septic, later 
rising to the top and mixing with the grease. The army solved this 
problem by installing grease traps .on the kitchen drain of each mess 
hall, so as to prevent the grease from mixing with the toilet wastes. 

The most effective size of grease trap has not been determined. 
In the case of the army camps, opinion varied as to the advisability of 
building traps with total capacities of % gal. per capita. Data collected 
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at Camp Merritt and Camp Meade indicated that grease traps providing 
2 to 3 gal. per capita were more efficient than those with a capacity of 
% gal. per capita (7). 

Many grease traps were constructed at the army camps, however, 
hiiiVing capacities of approximately % gal. per capita. The special 
features of these traps were the relatively large area for the collection 
of grease, the steep-sided, pyramidal or conical bottom and the small 
diameter of the eduction pipe, which removed the settleable solids. 


20 It. /. Cesspool Frame and Cover 



Fig. 224.—Greaso trap for kitchen wastes in small installations. 

The efficiency of these traps was detcrmipc^ by several series of carefully 
made tests, which indicated that the a * erage efficiency under the usual 
operating conditions was at least 95 per cent {8\ The practice at 
the army camps was to clean each trap once a week or every other week. 

For small installations, such as might be required for the average 
country residence, a grease, tra^ of the type shown in Fig. 224 can be 
provided at little expense. ; 

Intermittent Sand Filtration.—Intermittent filtration is often used 
for treating the sewege of institutions and large residences, especially 
'where sand can be i^taiaed at low cost for the beds. It sometimes 
happens that saii?3ij$Uwable for intermittent filtration cannot be readily 
procured and in Wch cases ^coke, locomotive cinders or screenings 
.may be used. This method 6f treatment is employed where a high 
degree of purification is desired and where it is practicable to locate 
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the filter at a sufficient distance from habitations to avoid complaints 
concerning odors. A distinct drawback to the utilization of open 
intermittent filters for small residential installations is the fuCt that they 
require careful operating attention to insure satisfactory results. 

In general, small installations of intermittent filters are built in 
accordance with the principles given m Chap. XVIII, dealing with the 
design of sand filters for municipal plants. Under certain conditions 
it may not be necesskry U) provide any underdrains to collect the 
effluent and conduct it away from the filters. The capacity of a residen¬ 
tial filter is usually considered to be less per acre than that of a large 
municipal plant, because of thu greater percentage of sediment carried 
on to the bed in the case of the former and the likelihood that it will 
receive less careful operating attention. Rates of filtration commonly 
allowed for in designs vary from 20,000 to 90,000 gal. per acre daily. 
The population served ringes from 400 to 1600 per acre for sand filters 
anS may be as great as 3000 per acre for cinder filters. 

At the Norfolk Count}' Hospital in Braintree, Mass., a new disposal 
plant was built in 1928 to replace a system of leaching cesspools which 
had become so clogged that overflow pipes had to be installed to take 
care of the flow of sewage. The hospital accommodates 100 patients 
and 45 resident emj^loyees. Observations made on the flow of sewage 
for about three weeks showed the flow to vary from a minimum of 
100 gal. an hour to a maximum of 700 gal. an hour on days when the 
laundry was in operation. Night flows in general were about 175 gal. 
an hour. The design of the new plant was based on a per capita allow¬ 
ance of 100 gal. daily for 200 persons. 

Figure 225 shows the layout of both old and new plants. The existing 
sewer was intercepted just above the line of cesspools and the flow of 
sewage was diverted to the new treatment plant. A distribution 
manhole was built, to divide the flow equally between the two tanks, 
and gates were provided so that either tank might be put out of service 
for cleaning. The tanks were built below the surface of the ground 
with a dosing tank as part of the structure. Sand wdth an effective 
size ranging from 0.20 to 0.30 and a uniformity coefficient of about 2.65 
was used in constructing the filter beds. There are two pairs of beds, 
each pair provided with manholes containing shear gates on the influent 
pipes, in order that any bed may be put f)ut of service for cleaning. 
The effluent from the sewage filters is conducted through a tile pipe 
down the slope to a w^ater-course, ip which it flows to a swamp, adjacent 
to a river. Sludge may be drawn periodically from the settling tanks 
by opening gate valves in the sludge line. A 10-in. vitrified tile drain 
conducts the sludge to one of the filter beds for drying. This bed is 
cut out of regular service during^the short period when the sludge is 
drying. 
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An institutional sewage-treatment plant designed by Cleveland for a 
sanatorium at Loomis, N. Y., consists of screen chambers, two parallel 
Iiltihoff tanks, a dosing tank, four intermitent sand filters and a sludge¬ 
drying bed (9). The dosing tank has a capacity of 12,000 gal., equiva¬ 
lent to a dose of 3 in. over a single bed. The maximum time of 
discharge, with allowance for inflowing sewage, is about 32 min. The 
average rate of discharge is about 535 gal. a minute. There are four 
filter beds, each 6100 sq. ft. in area, providing an operating rate of 
89,300 gal. per acre daily for a population of 500. The filters, which are 



Fig. 225. —General plan of sewaRo-disposal plant at Norfolk Coiinty Hospital, 

Braintree Mass. 

36 in. in depth, are composed of sand with an effective size between 
0.25 and 0.45 mm. and with a uniformity coefficient of not more than 
3.0. Underdrainage is provided through a 6-in. vitrified pipe sur¬ 
rounded by graded gravel. ‘ 

Contact Beds.—Contact beds have been extensively used in plants 
for the treatment of sewage from institutions, because they require 
little head, can be constructed in many places where filter sand can be 
obtained only at, prohibitive prices, do not yield the odor which arises 
when sewage is sprayed oy^ trickling filters, and can be filled from 
below in places where the Appearance of the works requires special 
attention and it is desired to keep the sewage out of sight at all times. 
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In several cases they have been used as an intermediate step in a triple 
scheme of treatment, consisting of settling tanks, contact beds and 
sand filters. During recent years contact beds have not been so 
popular as formerly. 

Trickling Filters.—Trickling filters have been used to some extent 
in small plants, but a serious obstacle to their use for residential and 
institutional plants is the head required for their operation. Other 
drawbacks which may become serious are the production of offensive 
odors and the presence of little flies. Where none of these obstacles is 
prohibitive, trickling filters afford a good means of treating tank effluent, 
if sand for intermittent filtration is unobtainable or the space available 
for a plant is restricted, but they do not furnish an effluent so stable 
and clear as that from a good intermittent filter. Trickling filters as 
well as contact beds have been used to treat sewage preliminary to 
sand filtration, where a high degree of purification was desired. 

T[n some cases small trickling filters have been enclosed in buildings 
to mitigate fly and odor difficulties. 

The filter medium in some of these small plants has consisted of 
laths instead of crushed stone. As a result of experimentation with 
both lath filters and ordinary trickling filters Frank and Rhynus (10) 
conclude as follows: 

Of the 2 kinds of filter material tried in these experiments, namely, 
limestone 1 to 2}^ in. in size, and ordinary laths piled as described, the 
latter will give bettor and more uniform results. 

Laths used as trickling filter material should be piled so that adjacent 
layers are at right angles to each other and so that the laths of every second 
layer lie ajjproximately over the centers of the vacant spaces below. They 
should be spaced with a 3-in. horizontal clearance. The quality of the 
effluent will not be appreciably improved by decreasing the clearance to 
l}4 in., and the larger clearance appears to afford complete immunity from 
internal clogging difficulties. In addition, the 3-in. spacing permits a 
considerable saving in laths, requiring only about 25 laths per cubic foot 
of filter. 

Eight cubic feet of lath filter material per person piled in this manner 
will be ample to produce a very highly oxidized effluent. 

A filter depth of 5 or 6 ft. will be ample for lath trickling filters providing 
the recommendation of the previous paragraph regarding volume per person 
is adopted. ... It seems practically safe to recommend filters 3 ft. 6 in. 
deep for those cases where fall is not available and where moderate turbidity 
in the effluent will not be objectionable. 

A special type of sewage distributor which will operate with little 
C3r no attention is generally used in small trickling-filter plants. The 
tipping tray and converging distributor boards shown in Fig. 226 
have proved satisfactory, particularly with lath filters. 




Section ihroi^ ijlstnbutor A-B 

Fig. 226 .'^Tipping-tray distributor. 


digestion tanks equipped with Downes .floating covers, glass-covered 
sludge-drying bc^, mechanical aeration tank preceding trickling filters, 
chlorination and final-settling tank.. The completeness of the treat¬ 
ment and purification equipnaent provided in this case was considered 
desirable becaw of the small sLae of the receiving stream, which runs 
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through an open, populated section of the country. The aeration in 
this case is not part of an activated-sludge process but was provided as 
an aid to the subsequent filtering process. 

Activated-sludge Process.—An activated-sludge plant, consisting 
of screen chamber, preliminary-settling basin, two aeration tanks, 
final clarifier, sludge pump, sludge-uigestion tank and sludge-drying 
bed, serves a community of 1000 persons at the Jackson (bunty Farm 
near Kansas City, Mo. (12). The effluent from this plant had to be 
suitable to discharge into a stream with intermittent flow. 

Disinfection.—Disinfection has been provided for in the treatment 
plants of a number of institu ions, but it is questionable how well it 
has been carried out in some cases. Plants using bleach required careful 
and intelligent care and even the modern types of apparatus for applying 
liquid chlorine require souk, supervision to ensure the accomplishment 
of their purpose. Tha,i purpose may range from the disinfection of 
mSrely screened and settled sewage for preventing contamination of 
the water of bathing beaches and oyster layings to the production of an 
effluent meeting the standards for drinking water. 

The institutional plant at Annandale, N. J., previously mentioned, 
employs chlorination in addition to thorough treatment. 

Plant Operation.—IMany small plants are sadly neglected after 
construction and thus fail to fulfill the purpose for which they were 
designed. Ridenour (13) comments as follows upon the situation 
in New Jersey: 

The supervision of operation usually falls upon the institutional engineer, 
who, in addition to this, generally has charge of all other tasks around the 
institution, varying from chasing birds out of lofts to supervising the power 
houses. Accordingly, he lacks time for other than casual and physical 
inspection of the plant performance. Most often he does not have the 
time, inclination or knowledge to give the plant the control work that it 
should have. A central control agency which has tinie, personnel, and 
facilities available for visiting the plant at regular intervals, running analy¬ 
ses, instructing operators and deigning new units when required, is the 
most logical solution to this problem. 

In 1928 an arrangement was made in New Jersey whereby the design 
of new plants, reconstruction and remodeling of old plants and supervi¬ 
sion of operation were to be performed by the Department of Water 
Supplies and Sewage Disposal of th^ New Jersey Agricultural Expenmeni 
Station, in cooperation with the State Department of Institutions 
and Agencies and the State Board of Health. 

The history of the first three years' service of a sewage-treatment 
plant for an orphanage at Pleasantville, N. Y., affords a good illustra¬ 
tion of t&e need of intelligent care in operating an institutional plant. 
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These works were operated successfully for the first four months after 
their completion, under the direction of Lederle & Provost. For the 
next six months the orphanage staff operated them with unskilled labor. 
The sedimentation tanks were allowed to become highly septic. The 
ebullition of gas in the tanks carried so much suspended matter into 
the effluent that the trickling-filter nozzles became clogged, causing 
the sewage to back up in the pipes and the scum in the sedimentation 
tanks to overflow the outlet wall into the dosing tanks. When the 
nozzles were cleaned, the scum passed to the trickling filters and a 
large quantity of solid matter passed from the trickling filters to the 
intermittent filters, which became so clogged that the sewage pooled 
and froze on the surface. The operation of the plant was manifestly 
a failure. 

At the end of this unsuccessful experience, the designing engineers 
were again retained to supervise the operation. An attendant was 
assigped to work under their direction and substantially all his time 
was devoted to it. He kept a daily record of the condition of each 
sedimentation tank, each half of each trickling filter, each sand filter 
and each sludge bed' and a record of the bleach used in the morning 
and afternoon: The nature of the maintenance work done on each 
part of the plant was recorded at the same time and a record was kept 
of the volume of sewage treated. The expert supervision comprised 
visits to the plant every few days, methylene-blue tests at each visit 
arid laboratory analyses of the effluent and brook water less frequently. 
The tanks remained in service 41 days between cleanings, on the average. 
Under this method of operation, the settling solids were reduced by 
7 hours* detention in the sedimentation tanks from 5 cc. to a trace, 
when measured in an Imhoff cone. 
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CHAPTBI- XXXII 


SEPARATE TREATMENT AND DISPOSAL 
OF INDUSTRIAL WASTES 

Tanneries, i)aper mills, wire-drawing and galvanizing works and 
many other industries use water in their manufacturing processes. 
After use, much of this process water carries substances which materially 
change its character. 

Indmtrial wastes may be defined as the waste waters carrying sus¬ 
pended, colloidal and dissolved matters, produced by manufacturing 
processes and discharged therefrom as being of no commercial value. 
These wastes are also termed ^'manufacturing.'^ "manufactural" and 
"trade” wastes. 

i'lany such wastes from industries situated in cities are discharged 
into the public sewers and disposed of as a part of the municipal sewage. 
In some cases, however, the wastes are of such composition that they 
would damage the sewers, cause dcjiosits and tend to clog the pipe 
lines, or interfere with the treatment of the sewage. In some such cases 
the wastes are treated separately from the sewage, to remove their 
harmful constituents before discharging the wastes into the sewers, 
and in other cases the wastes are disposed of separately from the sewage. 

Other industries are situated in suburban or rural localities, where 
sewers are not available but where the streams into which the wastes 
are necessarily discharged are so small as to be polluted seriously by 
them. In such cases also the wastes require treatment and disposal 
by themselves and separate from any municipal sewage. 

Coincident with the great increase in the number and size of the 
waste-producing industries in recent times and an accompanying 
increase in density of population, there has been a demand for higher 
standards of cl^nness of natural waters than formerly, due to the 
marked growth in popularity of outdoor recreation. These several 
conditions have brought the treatment and disposal of wastes forcibly 
to the attention of industrialists and this problem has become one of 
importance. 

Harmful Effects of Wastes.—pickling liquors have caused 
disintegration of sewers in Pawtucket, R. I., and Milwaukee, Wis. 
The seriousness of disintegration in the latter case is illustrated by 
Fig. 227^ In 1897 evidence was* found that the concrete invert of the. 
13- by 18-ft. Mill Brook sewer in Worcester, Mass., had been attacked 

809 



810 


AMERICAN SEWERAGE PRACTICE 


by the acid of the pickling liquors flowing through this sewer, notwith¬ 
standing the fact that it received also the entire sewage of the city, 
then having a population of 100,000, and the natural flow of a small 
stream equivalent in dry weather to perhaps 3 m.g.d. At Fostoria, 
Ohio, such wastes caused corrosion of pumps and disintegration of 
concrete at the sewage-treatment plant. 

The Maryland State Board of Health, reporting upon its studies ♦of 
the treatment of trade wastes, gives a pH of 4.0 as the minimum for 
plant discharge, to assure protection to concrete sewers, this being the 



Fig, 227.—Disintegration of concrete sewer caused by acid pickling liquors in 

Milwaukee, Wis. 


standard adopted by the city of Baltimore after consultation with the 
State Board of Health (1). 

Certain tanneries situated wit]^ the area tributary to the Massa- 
chusets Metropolitan Sewer;^ge District produce wastes containing 
such large quantities of settl^ble solids that, to prevent deposits, the 
industries are required to provide and operate plants for the removal 
of such solids before disehie^ging the wastes into the sewers. , 

At Gloversville, ;N. Y., and Akron and Fostoria, Ohio, industrial 
wastes discharge ^into the sewers have contributed large quantities 
of suspended t^hich have placed a serious burden upon the 

processes of seitoWtation and sludge disposal. 

It has been 00miated t|iat in 1920 the wastes from the packing 
industry in Chicago, Ill., '\Vere equivalent in polluting matter to the 
sewage of half the population of the Sanitary District of Chicago. U 
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and when these wastes are treated with the District sewage, they will 
exert a controlling influence upon the design of the treatment plant 
and upon its operation. 

At Philadelphia, Pa., Webster and Stevenson found that wastes 
should not be admitted to sewers if they contain substances which would 
adhere to the walls or form deposits, if they contain inflammable 
substances, if they contain steam or extremely hot liquids, if they 
contain acids which would injure the material of the sewer, or if they 
contain substances which would seriously interfere with the operation 
of sewage-treatment works. 

When discharged into natural waters, industrial wastes may affect 
these waters unfavorably for use as municipal water supply, boiler 
feed water or process water, for watering livestock or even for irrigating 
land. One of the comirv>n harmful effects is that upon fish life. 

The Committee on liidastrial Wastes in Relation to Water Supply, 
of*the American Water Works Association, found that most industrial 
wastes are detrimental to water supfdies and the injury depends upon 
the character and relative quantities of the substances discharged (2). 
The comrnittee^s classification of these substances and their effects 
is as follows: 

1. Suspended or colloidal mineral matters which increase turbidity and 
add to tlie difficulty and expense of coag\ilation or of filtration, as, for 
example, coal and ore washing wastes. 

2. Dissolved mineral matter impairing the quality of the miter and 
increasing tlie difficidty and expense of water purification, as, for example, 
acid mine drainage and salt water from oil wells. 

3. Vegetable and animal organic matters in solution or in suspension, 
which increase the color, turbidity, suspended matter and bacterial content, 
thereby increasing the difficulty and expense of water purification, as, for 
example, beet sugar refinery wastes and tannery wastes. 

4. Taste- and odor-producing substances, either organic or mineral’ in 
nature, as, for example, phenols in the wastes from gas and coke manu¬ 
facturing, and sulfite liquorsrfrom paper jmlp mills. 

5. Substances,, either organic or iniueral, tending to stimulate growths of 
organisms and thereby increase the difficulty and expense of treatment, as, 
for example, orgsrnic sulfur compounds in wool scouring wastes, and mineral¬ 
ized nitrogen from oxidation of organic wastes of various kinds. 

6. Harmful bacteria, as, for example, the anthrax bacillus in tannery 
wastes. 

7. Poisons, as, for example, cyanide from the cyanide process of gold 
extraction. 

Ftequently, wastes are discharged in such quantities or are of such 
a character as tp make the watey difficult to purify for domestic use 
or actually to prohibit such use. * 
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Pollution, such as acid pickling liquids and mine drainage, which 
causes the water to have a corrosive action, may be seriously detrimental 
to its use in steam boilers. Wastes which add certain salts to the water 
may cause priming or foaming in such boilers or result in the formation 
of either hard or soft scale, which interferes with the heat transfer 
and reduces efficiency. 

Industrial wastes frequently increase hardness, color and turbidity 
and add impurities to such a degree as not only to render the natural 
water unsuitable for the dyeing and washing of texile goods, the manu¬ 
facture of paper, the tanning of leather and other process purposes, 
but also to make its treatment for such uses expensive if not physically 
and financially impracticable. 

Cattle are said to have been poisoned by cyanide wastes discharged 
into their drinking water (3) and it has been claimed that streams 
carrying tannery wastes have spread anthrax bacilli and actually 
caused the infection and death of livestock (4). Wastes from mines 
and oil refineries have rendered streams unsatisfactory for the irrigation 
of icrops. 

One of the most frequent complaints is that the presence of industrial 
wastes in streams is driving away and killing the natural fish life. Such 
-effects are sometimes due to suffocation, caused either by depletion 
ol the dissolved oxygen naturally i)resent in the water or by the presence 
of substances which interfere with the action of the gills, to actual 
,pois<ining by toxic chemicals such as gas-house wastes, to the lack of 
food due to change in aquatic life, or to the prevention of propagation 
through the formation of sludge beds on the spawning grounds. It has 
been claimed that the discharge of paper-mill wastes at Monroe, Mich., 
into the Raisin River caused the killing of carp in artificial propagating 
ponds some two miles downstream. 

Perhaps the most common harmful effects of the discharge of wastes 
into natural waters* are the depletion of the dissolved oxygen and the 
rendering of the waters unsightly a id offensive. The oxygen may be 
depleted or even exhausted chemically by many inorganic substances, 
such as sulfite liquors from pulp mills, as in the Fox River in Wisconsin, 
ferrous sulfate in pickling liquors, as in the Portage River in Ohio, 
and sodium sulfide from tamieries, as in the Neponset River in Massa¬ 
chusetts. Biological also causes depletion and exhaustion of 

oxyg^, due to the dcii^omposition of the organic matter dissolved in 
the water and deposited on the bed of the stream. Such exhaustion 
of dissolved oxygen may result in the formation and escape of hydrogen 
sulfide and organic sulfides in such quantities as to be offensive to 
residents in t^ neighborhood and to cause lead paint on boats and on 
neighboring buildings to tutn dark. There have been many illustrations 
; of this condition, one of the most noteworthy being that of the Passaic 
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River in New tJersey. Furthermore, during decomposition large 
quantities of unsightly and malodorous, gas-lifted solids of industrial 
origin may be brought to the surface. This has occurred at times in 
the Neponset and other rivers receiving wastes. 

Financial Return from Wastes Disposal. —Manufacturers often feel 
that there may be a way of recovering substances of commercial value, 
which will defray at least a part of the cost of any treatment of wastes 
which may be required. Although there is usually little possibility 
of this recovery, because all that is of value has been taken out or con¬ 
served in the manufacturing process, each study of an industrial-wastes- 
disposal problem should include an investigation to determine the 
feasibility of recovery of materials of value. 

Occasionally a study of wastes will disclose losses which have gone 
on for years without b^ing discovered. A notable example of this 
ijesulted from a study oi the sewage of the city of Worcester, Mass., 
many years ago, when it was discovered that large quantities of copper 
sulfate were being discharged into the sewers. This was stopped and 
a substantial saving to the industry vras effected. 

The recovery of wool grease from scouring liquors has been practiced 
for many years. Under most conditions this is not attractive finan- 
(iially, although during the war when j)rices were high some profit was 
made. In some paper mills it has been possible to utilize paper fiber 
which escaped from the save-alls and previously had been allowed 
to go to waste; at some rubber-reclaiming plants provision has been 
made for a measure of wastes treatment, resulting in the saving of fine 
particles of rubber which otherwise would be lost. 

Perhaps the greatest economy which has resulted from the necessity 
of treating wastes is in the refinement of manufacturing processes, 
by which valuable materials have been saved and process water has 
been conserved by the reduction of its prodigal use and by its re-use 
in one process after another. 

Laws and Regulations Relative to Discharge of Wastes. —The legal 
aspects of sewage disposal have been discussed in Chap. II and in general 
are applicable bo wastes disposal. Many cities have ordinances for 
the protection of sewerage works. Worcester, Mass., stipulates: 


No live, exhaust or waste steam and no water of a temperature above 
140®F. shall be discharged into the public sewers or into any drain connected 
with them. ... 

This city also stipulates: - 

No person shall throw into any drain or sewer, inlet, manhole or catch- 
basin, any earth, dirt, stones, bricks, sawdust, ashes, cinders, shavings, 
hair, oyster, lobster or clam shells, or any other sub8tanc.e detrimental to 
the sewers or the use thereof. 
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Following serious trouble at the sewage-treatment plant Fostoria, 
Ohio, enacted a protective ordinance: 


Section 1. That it is deemed necessary for the safe, economical and 
efficient management and protection of the sewerage system, and sewage 
pumping, treatment and disposal works, that the emptying ... of any 
grease, fats, oils, acids, carbon, iron or mineral wastes, or the wastes from 
any mercantile, manufacturing or industrial enterprise, other than domestic 
sewage, which would cause clogging, or which is injurious to said sewers, 
sewage pumping, treatment or disposal works, or interferes with the proper 
treatment of domestic sewage, or the operation and maintenance of the 
sewage disposal works shall be and the said is hereby forbidden and 
prohibited. 

Section 2. That the director of Public Service shall have authority . . . 
to require any and all . . . industrial establishments ... to treat all . . . 
wastes . . . prior to the discharge thereof into the sewers or sewage system 
of said city, when he deems it necessary for safe, economical and efficient 
management and protection of the sewage system, and sewage pumping, 
treatment or disposal works . . . When such . . . waste plant or device is 
installed, the degree of treatment shall be satisfactory to the Director of 
Public Service, and he shall have access to these local treatment plants at 
reasonable times for the purpose of inspection and tests. . . . Whenever 
such . . , industrial enterprise . . . shall fail to comply with the require¬ 
ments of the Director of Public Service, they shall forfeit their right to the 
use of such sewer or sewers, and the Director of Public Service shall forbid 
and exclude the use of the sewers of said City for the emptying or discharge 
of such waste therein, until the same is treated according to the require¬ 
ments and to the satisfaction of the Director of Public Service. 

Sections. The discharge into the sewers . . . from any industrial-waste- 
treatment plant ... or from any industrial . . . establishment . . . 
which contains a greater amount of wastes than that set forth in the follow¬ 
ing tentative standards . . . shall be prim a facie evidence of the same 
being injurious to said sewers, sewage pumping, treatment, or disposal works, 
to wit: 

1. No free acidity. 

2. Iron to be limited according to the following schedule: 


Total Flow of Wastes, 

Gal. Daily ^ , 

0 to 

60,000 to: 100,000 
100, 000160,000 
160,000 to 200,000 

3. Carbon, me^ured as suspended solids in effluents from settling tanks 
for wastes from wet grinding process, to be limited according to following 
schedule: 


Upper Limit for Iron 
as Fe, P.P.M. 

400 

200 

150 

100 
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Total Flow of Wastes, 
Gal. Daily 
0 to 20,000 
20,000 to 30,000 
30,000 to 40,000 
40,000 to 60,000 


Upper Limit for Suspended 
Solids, P.P.M. 

200 

160 

126 

100 


4. Oils and greases to be iTitoreopted by suitable traps and kept out of 
sewers. 

Flows should be gaged at least four times per year. When average daily 
flow of wastes exceeds the maximum figures given in tables, the limits for iron 
and carbon should be adjusted in accordance with flow of sewage. Present 
limits based on average daily flow of sewage equivalent to 2 mil. gal and 
sewage-treatment plant of that capacity; with larger flows of sewage, the 
limits may be less rigorous providing the sev’^age-treatment plant is increased 
in proportion. 


* Authority to regulate and control the pollution of streams by indus¬ 
trial wastes has been vested in the departments of health of some states. 
In Pennsylvania, Connecticut and Rhode Island ivater boards, boards 
of conservation or special commissions have been vestea with such 
authority. An example of this is the act of 1925 of the General Assem¬ 
bly of Ohio: 


Hection 1240-1. No city . . . coi poration or officer or employee thereof 
. . . shall establish . . . any industrial establishment, process, trade or 
business, in the operation of which an industrial waste is produced, or make 
a change in or enlargement . . . whereby an industrial waste is produced 
or materially increased or changed in character, or install works for the 
treatment or disposal of any such waste until the plans for the disposal of 
such waste have been submitted to and approved by the state department 
of health . . . 

Section 1240-2. The state department of health shall exerqjse general 
supervision of the disposal of sewage and industrial wastes and the operation 
and maintenance of works or means installed for the collection, treatment or 
disposal of sew^age and industrial wastes. 

Section 1240-3. The state department of health shall study and investi¬ 
gate the streams ... for the purpose of determining the uses of such 
waters, the causes contributing to their pollution and the effects of the 
same, and the practicability of preventing and correcting their pollution and 
of maintaining such streams ... in such condition as to prevent damage 
to public health and welfare. For the purpose of providing effective con¬ 
trol . . . and for preventing the undue pollution thereof the state depart¬ 
ment of health may adopt and enforce such special or general regulations 
as it may deem necessary for the protection of the public health and welfare. 

In some cases, special legislation has been enacted to cover specific 
streams, as illustrated by the fjeponset River Act^ of Massachusetts: 

t Mem. Aotn 1002, Chap. 641, as amended. 
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Section 1. The state department of health is hereby authorized and 
directed to prohibit the entrance or discharge of sewage into any part of the 
Neponset River or its tributaries, and to prevent the entrance or discharge 
therein of any other substance which may be injurious to the public healtli 
or may tend to cause a public nuisance or to obstruct the flow of water, 
including all waste or refuse from any factory or other establishment where 
persons are employed, unless the owner thereof shall use the best practicable 
and reasonably available means to render such waste or refuse harmless. . . . 

Section 3. The supreme judicial court or any justice thereof and the 
sqperior court or any justice thereof shall have jurisdiction in equity t(^ 
enforce the provisions of this act and any order made by the state board of 
health in conformity therewith. . . . 

Section 4. Whoever permits the entrance or discharge into any part of 
the Neponset River or its tributaries of sewage or of any other substance 
injurious to public health or tending to create a public nuisance shall be 
punished by a fine not exceeding five hundred dollars for each offense. 

Notwithstanding the fact that the discharge of industrial wastes 
into streams is regulated by legislative action, the' present trend is 
for state or municipal authorities to cooperate in such a way as to secure 
voluntary action by the industries rather than to proceed under the 
law. Maryland, Michigan, Ohio, Pennsylvania, Wisconsin and other 
states have cooperated thus and have had considerable success. 

Wastes Survey.— A& the term implies, a wastes survey is a study of 
the volume and quality of wastes produced and their effect upon the 
problem of sewage disposal, if the industry is or can be made tributary 
to a municipal sewerage system, or upon the body of water into which 
they must be discharged, if they are to be disposed of separately. The 
wastes from a single industry may change materially the volume and 
quality of sewage from an entire city, as shown in Chap. V, or may exert 
a controlling influence upon the pollution of a river or a lake. 

Whether the engineer is employed by the municipality or by one or 
more industries, his relations to the industries are intimate and resemble 
those of the lawyer to his client or the doctor to his patient. If the 
engineer is to deal intelligently mth the problems involved, he must be 
furnished information regarding the industry. Sometimes this informa¬ 
tion is of a confidential nature, in which case it must be guarded scrupu¬ 
lously from communication to anyone. 

Such a survey obviou^yj deals with conditions found at the time. 
Suitable estimates can be made to cover operations at other proportions 
of plant capacity and future jp’o^h. Such a survey, however, cannot 
cover new industries, radical increase in existing industries, or new 
processes. Any^ one of these changes may have a controlling effect 
upon the general ]ftt:oblem un^er consideration. This, however, is not 
a justificatidn for omitting luch a survey, for it is frequently found 
that unexpected condition exist, which materially modify the design 
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of works which otherwise would have been planned. In making a 
wastes survey for a municipality or one or more industrial plants, 
the following may be included among the general data to be obtained: 

Name and address of company 

Persons, with their official positi^.u, who furnish information 
Portion of information which should be treated as confidential 
Number of employees 
Hours of operation 

Relation of current production to capacity output 
Probability of expansion of industr>" 

Source, volume and quality of water supply 
Uses of water 

Map of drainage system, showing topography and outlets 
Kind, size and cap^C’tx of Uiunicipal sewage-treatment plant at which 
wastes might be t^w.ted 

Kind, size, character and subsequent use of streams into which wastes 
may be discharged 

The following may be included among the operating data to be' 
obtained: 

Kind and quantity of raw materials and finished products 

Processes of manufacture 

Kinds and quantities of chemicals used 

Kinds of wastes produced 

Quantities and composition of each kind of wastes 
Temperature of wastes 

Volume of wastes by weir or other measurements 
Collection and analysis of samples 

#Vith adequate data available, it then becomes pK>ssible to give 
consideration to the following matters relative to which conclusions 
and decisions are to be made: 

Desirability of separation of sewage and wastes 
Interpretation of results of analyses of wastes 
Effect on sewers 

Effect on treatment of municipal sewage 
Effect on streams 
Practicable methods of treatment 
Cost 

Quantity of Wastes.—The quantity of industrial wastes produced 
depends upon the kind of industry and the size of plant. IndiistrieB 
manufacturing the same product often produce wastes of materially 
different quantities and chemica.l composition, the differences depending 
ill large measure upon the quantity of process water available, differ- 
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enceis in methods of manufacture and idiosyncrasies of individual 
operators in the dyeing, tanning and other departments. For example, 
the authors have found that the volumes of objectionable wastes pro¬ 
duced by different silk-finishing plants ranged from 2.2 to 5.1 gal. per 
yard of goods finished. In small communities one industry may produce 
a volume of wastes several times as great as the volume of municipal sew¬ 
age. In a town of 6700 population the sewage amounted to 350,000 gal. 
a day, whereas one local paper mill produced 3,000,000 gal. of wastes 
daily. In 1923 the volume of sewage produced in Akron, Ohio, was 
about 18,500,000 gal. a day and the aggregate daily quantity of rubber¬ 
reclaiming wastes was about 5,000,000 gal. 

Composition of Wastes.—Because of the variety of the wastes 
produced in different industries and even in some individual plants, 
it is not practicable to set up a clearcut classification of wastes based 
upon the character of the industries. Neither is it practicable to 
establish a classification based upon the effects of the wastes on munici¬ 
pal sewerage systems or on the streams into which the wastes are 
discharged. 

Sometimes wastes have been grouped according to the character 
of the predominating impurities, such as organic wastes, mineral wastes 
and organic and mineral wastes combined. Examples of organic 
wastes are those from canneries, dairies, packing houses and wool- 
scouring plants; of mineral wastes are those from wire mills, copper¬ 
working plants, plating industries, paint manufactories and mines; 
and of organic and mineral wastes combined are those from tanneries, 
textile mills and paper mills. Obviously this is a loose classification, 
subject to many exceptions and affording little aid in the consideration 
of the effects of the wastes and of suitable methods for their treatment. 

There is wide diversity in the chemical composition of wastes, oas 
would be expected from a knowledge of the different kinds of work done 
by the industries and of the processes employed. The results of a few 
analyses made by the authors of cf ic^hi typical wastes are given in 
Table 153, simply for illustrative purposes. There also is given, for 
comparison, the average^ of the results of analysis of five sewages, 
practically uninfluenced by wcM^tes, from cities provided with combined 
sewers. ; ‘‘ 

The suspended solids, usually are one of the most troublesome 
constituents of wastes, range from 50 to 2530 p.p.m. as compared with 
245 parts in the sewage. Tlie total volatile solids, which represent 
organic matter, range from 192 to 4610 p.p.m., as compared with 
236 parts in the seWage. 

SeUling Solick Colloidal Matter in Industrial Wastes .—Because of 
the quantity and char^ter dC suspended and colloidal matter in indusr 

‘ Prom Table 81. 



Tabi:e 153. —Analyses of Typical Sewage an^d of Industrial Wastes 

Parts per Million 


TREATMENT AND DISPOSAL OF INDUSTRIAL WASTES 


819 




















































820 


AMERICAN SEWERAOB PRACTICE 


trial wastesj they often impose a heavy burden upon a treatment plant. 
The data in Table 154 were compiled from analyses of wastes from a 


Table 164.— Chakactbr of Settling and Dissolving Solids and 
Colloidal Matter in Wastes prom a Tannery and 
Wool-scouring Plant 



Parts per 
million 

Percentage 
of total 
solids 

Total solids Id original sample. 

5960 

100.0 

Total solids after settling 24 hr. 

4788 

80.3 

Settling solids by difference. 

1172 

19.7 

Solids after filtering through paper. 

4530 

76.0 

Additional solids removed by filter. 

258 

4.3 

Colloids after diffusion through parchment. 

478 

8.0 

Crystalloids or dissolved solids by difference. 

Total suspended and colloidal matters. 

4052 

1908 

68.0 

32.0 



large tannery and wool-scouring plant. A sample of paper-mill washer 
wastes, containing about 2300 p.p.m. of total suspended matter, allowed 
tof stand quiescent, precipitated in 12 hr. 95 per cent and in 6 hr. 88 per 
cent of the suspended matter capable of settling in 24 hr. After 
these wastes had passed through settling tanks with a period of flow of 
about 10 hr., they were found to contain 564 p.p.m. of suspended 
matter, in addition to 665 p.p.m. of colloidal matter. Sedimentation 
tests of wastes from a woolen mill, not including wool-scouring wastes, 
gave the results stated in Table 155. 


Table 165.— Settling Solids in Crude Woolen-mill Wastes, Excluding 
Wool-scouring Wastes 


Period of sedi¬ 
mentation, 
hr. 

Total solids in 
supernatant 
liquid, p.p.m. 

« 1 

Settlmg 

solids, 

p.p.iii. 

5 , Percentage of 
removal in 

24 hr. 

Percentage of 
total suspended 
matter removed' 

0 

807 

0 

0.0 

0.0 

1 

742 

66 

1 64.6 

32.3 

2 

728 • ■‘■'■'''.i' 

79 

66.4 

39.3 

4 

716 

91 

76.6 

45.3 

8 

706 

102 

86.7 

50.7 

24 

688 

119 

100.0 

1 , 

59.2 


1 suspended .foattte 201 p.p.m. 

TflSjmen/ —^The fii^t process in tanning is soaking the hides. 


which removes some organic matter and any soluble chemical used In 
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curing the skins. The hair is then removed in lime vats or otherwise. 
When lime is used, large quantities of it are carried off with the waste 
liquor. In tanning, large quantities of chemicals are used, in some 
cases nearly a pound of chemical for every pound of hides. In Glovers- 
ville, N. Y., it was found that fully one half of the total weight of hides 
and chemicals passed off with iihe wastes. The quantities of sus¬ 
pended matter in tannery wastes are so large that thelatter should pass 
through settling tanks before entering the sewers. This prevents the 
deposition of large quantities of solids in the sewers and sedimentation 
tanks at the disposal works. 

Tannery wastes contain’ small numbers of bacteria and in some 
cases may be actually sterile. When mixed with domestic sewage they 
have some disinfecting action, but unless the proportion of wastes to 
sewage is quite large, action does not prevent successful treatment 
gf the combined sewage by biological methods (5). Tannery wastes are 
usually cold and if they constitute a large proportion of the sewage of a 
community, they may affect unfavorably the process of purification, on 
account of reduced temperature. 

As a result of 6 years^ study, including investigations at a full-size 
experimental tannery-wastes disposal plant at Emporium, Pa., the 
Tannery Waste Disposal Committee of Pennsylvania, created by an 
agreement in 1924 between the Sanitary Water Board and the leather¬ 
tanning companies, reported to the Sanitary Water Board two plans of 
tannery-wastes treatment (6). The general plan, applicable in successive 
steps to nearly all tanneries, consists of mixing, plain sedimenta¬ 
tion, primary filtration on coke or ^‘hogwood,^'^ secondary sedimenta¬ 
tion, secondary filtration on hogwood and final settling; coagulant to 
be added to the filter effluent when thought necessary. A special plan, 
adapted to tanneries where definite color reduction is desired, but only 
moderate reduction in oxygen demand, consists of mixing, settling with 
coagulation, followed by primary filtration, secondary sedimentation, 
secondary filtration and final settling as in the general plan. The sludge 
under either plan is to go either to sludge beds or to lagoons. 

Attention was called to the interest with which other states had 
awaited the results of this investigation and to the fact that cooperation 
between states in making available such results avoids duplication of 
work and results in economy of the public funds. 

Wastes from Scouring and Washing WooL —Raw wool contains much 
dirt and grease, which are removed by scouring or washing in warm 
water, with alkali and soap. One.to 5 gal. of water per pound of wool 
are required for washing by modern methods, and much more is required 
by method^ less economical in the use of water; 100 gal. of water to 1 lb. 

i Wood chips varying from matchstick to clothespin sice. 
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of wool have been noted. The waste liquid is laden with fats and 
suspended mineral and organic matter. Shrinkage in the weight of the 
wool by this process may amount to 60 to 75 per cent for American 
wools and 50 to 60 per cent for English wools. The proportion of 
grease varies from 8 to 12 per cent for American and from 12 to 16 per 
cent for English wools. 

It is sometimes important to remove the grease from wool washings 
before they are discharged into the sewage, because it is likely to inter¬ 
fere seriously with the process of purification. The grease discharged 
from a wool-scouring plant into municipal sewers has been known to 
seal the surface of sand filters and put the beds absolutely out of service. 
The removal of the grease requires the use of acids or other chemicals, 
which remain to a large extent in the liquors after the grease has been 
settled out or skimmed off. In case the wastes constitute a large 
proportion of the municipal sewage, if these chemicals are not neutralized 
before being discharged into the sewers, they may have enough disinfect¬ 
ing action upon the sewage to render biological treatment difficult. 

Wastes from Washing Woolen Cloth. —^Woolen-cloth washings consist 
of soapy water used in washing cloth before dyeing, spent dyes from 
vats and water used in rinsing the dyed cloth. These wastes are 
generally cbld and contain few bacteria. They are not readily purified 
by biological methods unless mixed with sewage. If, however, the 
proportion of the wastes to domestic sewage is not large, they will not 
seriously interfere with the purification of the sewage by biological 
methods. 

Paper-mill Wastes. —The basis of all papers is vegetable fiber, or 
cellulose, and a part of the paper-trade wastes comes from the treatment 
of raw materials to rid them of resins, gums, silica, fats, oils, dirt and, in 
fact, everything of which the raw material is composed except the 
cellulose. 

In one process of manufacture the ti^atment consists of boiling the 
stock with alkali for several hours, a4er which the material is washed. 
With some stock, beating and pulping are necessary, after which 
the material is bleached and then made into paper. The wastes from the 
boilers are small in quantity, hot and strongly alkaline, containing the 
gum and dirt from the raw^it^terial. The washer wastes are similar to 
the boiler wastes but afe/'iipiuch more dilute, the quantity of washer 
wastes being frequently ten times the quantity of boiler wastes. The 
washer wastes contain considerable fiber, which can be removed by 
screening and by settling in tanks. The details of the processes at any 
particular mill ^ect .the nature and quantity of the wastes. 

In another proc^, chips of wood ai^ cooked in a digester with sulfite 
liquor, obtainedi by either drawing the fumes of burning sulfur through 
lime water by a vacuum process, or passing them through broken lime- 
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stone. The digested pi|lp is blown into tanks and washed. The suliite 
liquor from the blow tanks is a heavy, dark-brown liquid, containing the 
dissolved material from the wood, sulfite of lime, sulfurous acid and some 
pulp. The treatment of these wastes is extremely difficult and both the 
paper industry and sanitary authorities have devoted much attention 
to it. ^ 

The machine wastes, amounting to five oo ten times the quantity of 
washer wastes, contain the fine fiber which escapes from the paper¬ 
making machines, together with small quantities of clay, if it is used with 
the pulp, and coloring and coating materials, where colored and coated 
papers are being manufactured. The fine fiber, the clay and usually 
the coloring matter are in suspension, but they are di^ddecI so finely 
that the wastes must be dosed with some chemical, such as alum, to 
produce rapid precipit^tiion in tanks. This usually removes 90 to 95 per 
^ent of the suspende^l matter, which may be utilized in the machines 
where the lower grades of paper are produced. 

All machine wastes are cold and contain few bacteria. They are not 
readily j^urified by biological methods unless they are mixed with 
sewage. In many cases it is not practicable to do this, on account of 
the large quantities of wastes in comparison with the sewage from the 
communities in which the mills are situated. Often paper-mill wastes 
may be sufficiently purified without biological treatment, by chemical 
treatment, sedimentation, or combinations of these processes, to be 
discharged into streams. 

Temperature of Wastes.—Some industries, such as certain canneries, 
produce hot wastes which, if discharged into municipal sewers or into 
streams, may cause rapid biological decomposition and the production 
of offensive odors. On the other hand, large quantities of cold wastes, 
such as those from paper mills in winter, may cool the municipal sewage 
sufficiently to retard the biological action required for effective treat¬ 
ment. In general, however, the effect of the temperature of industrial 
wastes is not great. 

Under certain conditions, where relatively large quantities of clean, 
hot, condenser waters are discharged into small, polluted streams, the 
resulting increase in temperature of the streams may hasten decomposi¬ 
tion processes so as to bring about offensive conditions, which otherwise 
would be prevented by normal processes of self-purification. 

Disposal of Wastes by Dilution.—The disposal of organic wastes by 
dilution is subject to substantially the same natural laws and agencies 
as that of sewage. Mineral wastes^ however, generally introduce some 
different problems, both when disposed of by themselves and when 
mixed with organic wastes. In several cases it has been possible to 
supplement, at times of low "flow, the natural dilution afforded by 
streams, by drawing water from reservoirs, thus adjusting the degree of 
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dilution to the biological requirements of the streams and preventing 
objectionable conditions. 

• Separation of Clean Waters. —The drainage systems of industrial 
establishments are commonly built so that they receive roof and surface 
water, relatively clean wastes and the foul and objectionable wastes. 
Frequently the roof and surface water may be separated from the wastes, 
thereby permitting a reduction in the volume of wastes to be treated. 

In many industries the quantity of relatively clean wastes produced is 
large. For example, a certain wool-scouring plant produces approxi¬ 
mately 280,000 gal. of wastes daily, of which only about 30,000 gal. are 
foul and need treatment under local conditions. Another example is 
afforded by a silk mill, where the volume of the several kinds of wastes 
aggregates 1,300,000 gal. daily, of which about 950,000 gal., or 75 per 
cent, are relatively clean waters which do not require treatment. 

When local treatment is required, it is distinctly advantageous to 
separate the roof water and other clean water from the objectionable 
wastes and to treat the latter only. In some cases, however, where a 
process produces alternately foul wastes and clean wastes from the same 
machine and the separation is made by the regulation of valves and other 
devices by the operators, unsatisfactory results have been obtained, 
because of failure of employees to attend to the separation. In order 
that separation may be effective, it may be brought about in many 
cases by methods largely independent of the human element; in some 
instances, however, satisfactory results of manual operation have been 
secured by rigid supervision and more or less constant inspection. 

Equalization of Flow and Composition of Wastes.—In many industries 
the wastes vary widely from time to time, both in rate of flow and in 
composition. As such irregularities seriously interfere with the effi¬ 
ciency of local treatment, some plants provide for more or less equaliza¬ 
tion by means of storage or otherwise. In cases where there is a 
continuous, 24-hr. stream flow and wastes are produced only during a 
working day of 8 to 10 hr., the Wf.ste8 may be stored in tanks and 
discharged uniformly throughout the 24 hr. 

Even where discharged into public sewers of large cities, the wastes 
may be discharged intermittently in such quantities as to influence 
materially the treatment 6f the sewage. For many years at the sewage- 
treatment plant in Worcester, Mass., certain tanks were reserved to 
receive the sewage at times when it contained large quantities of acid 
iron salts and the quantity thus stored was utilized throughout the re¬ 
mainder of the day, to supply the ferrous sulfate required for the treat¬ 
ment of the seirali^. 

Reactions! bet^eien Different Kinds of Wastes. —^At some plants 
wastes from different proc^es may be mixed in such a way and in 
such proportions as to aid materially in the treatment of the combined 
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volume of wastes. In the case of one tannery where wool is scoured, 
the unfavorable effect of the discharge of large quantities of acid wool 
liquors after cracking is avoided by providing ^or their gradual discharge 
throughout the day. Thus they are neutralized by the alkalies in 
the wastes from the tannery. At a certain woolen mill the spent 
aluminum-chloride carbonizing liquor has been stored and utilized as a 
precipitant for the treatment of the other \ 7 a 8 tes. At a certain cotton 
bleachery neither the bleach wastes nor the sour wastes are suitable 
for discharge into the river, but when these wastes are brought together 
under favorable conditions for interaction, precipitation takes place 
which renders the combined wastes suitable for discharge after sedimen¬ 
tation. At one tannery the effective treatment of the wastes as pro¬ 
duced and discharged from the several processes was found to be 
impracticable, but afjifer equalizing them by detention and thorough 
piixing, their treatment is entirely feasible. This is the result of 
equalization in both volume and quality and of interaction of the 
constituent liquors. 

Treatment Processes.—The methods used for the treatment of 
sewage are applicable to the treatment of many wastes; for others either 
special adaptations of existing methods are made or new processes are 
developed. 

Racks commonly are used whether the wastes are discharged into 
municipal sewers or into water courses. They retain large objects, 
such as boxes and boards, which otherwise might enter the sewers and 
clog them or cause damage to pumps and other machinery. Such racks 
are often of some slight financial benefit in holding back articles of 
value which otherwise would be lost, such as skins and hides at tanneries 
and silks and other textiles at finishing plants. 

Fine screens are used for the removal of some of the larger i^uspended 
particles from certain industrial wastes. Such screens have been 
employed for removing small quantities of wool from wool-scouring 
rinse waters and for treating the combined wastes from certain tanneries. 
Fine screens have been recommended for removing skins, stems, seeds 
and small tomatoes from wastes produced in the food industry. Save- 
all screens are employed in many paper mills, to retain for use much 
fiber which otherwise would pass away in the wastes and be lost. 

Fine screens have also been used with success by various industries, 
to keep out of sewers solid matters which might form deposits or cause 
the production of large quantities nf inert sludge at municipal treatment 
plants. 

Sedimentation tanks are used at many industrial plants. Sedimenta¬ 
tion goes much farther than fine screening in the removal of suspended 
solids. Efficient sedimentation usually removes the settleable solids 
capable of forming extensive mud banks or deposits in streams. At 
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times, however, interaction of the dissolved or coUoidal matters in 
the wastes and of the chemical constituents of the receiving stream 
or tidal waters may cause after-precipitation, even though the suspended 
solids be removed before the wastes are discharged. In many cases 
sedimentation furnishes a degree of purification, which is sufficient to 
meet local needs. 

Wastes from some processes in the paper industry are passed through 
sedimentation tanks, by means of which 95 to 98 per cent of the fiber 
is removed. The stock thus recovered usually is returned to the beaters 
or thickeners and utilized. 

As previously pointed out, certain wastes contain large quantities 
of suspended so]ids, which may form objectionable deposits in sewers 
and add greatly to the sludge deposited in the sedimentation tanks of 
municipal treatment plants. In a number of cases such tanks have 
been seriously overloaded by solids of industrial origin. To prevent 
such difficulty, sedimentation tanks may be provided at industrial 
establishments, for the removal of the suspended matter from their 
Wastes before discharge into the municipal sewers. Such tanks have 
been employed for many years in the Boston Metropolitan Sewerage 
District, at Gloyersville, N. Y. and, more recently, at Fostoria, Ohio. 

Chemical precipitation is a useful process for the partial purification 
of certain industrial wastes. By such treatment some coloring sub- 
' stances, turbidity, suspended solids and even colloidal solids, which 
would not be held back in the ordinary sedimentation process, can be 
removed effectively. Under certain conditions chemical treatment is 
adequate and under other conditions it is a valuable preparatory process, 
to be supplemented by other treatment in order to secure the necessary 
degree of purification. 

Alum, copperas and lime, sodium aluminate and other chemicals, 
with or without control of the hydrogen ion concentration, have been 
used for the treatment of various kinds of wastes. In many cases the 
reactions between different kinds of wastes, whether subjected to 
artifical opptrol or not, constitute the chemical treatment. 

Chemif^^ precipitation has been employed successfully for the 
treatmejoilt- of cannery, textile^ tannery and many other wastes. This 
process'!^: rarely employ^ for the treatment of wastes before their 
disch^p^into municipal sewerage systems. 

OxiSaSon proceeses have come into relatively frequent use for treating 
wastes, in order to meet the more rigid standards of cleanness of streams, 
demanded by th^ , public in recent years. As in the case of sewage 
treatment, th^ processes provide a greater degree of purification of 
organic wastes the simpler methods of screening, sedimentation 
and chemical'precipitation.'' 
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All the oxidation i>roGe8ses, intermittent filtration, application to 
contact beds or trickling filters and activated-sludge treatment, have 
been employed in the treatment of industrial wastes. The selection of 
a particular process has depended upon the character of the industrial 
wastes to be treated and other local conditions. The quantity of wastes 
which can be successfully treafed in such plants varies widely and 
depends upon the constituents, strength, temperature and condition 
of the wastes as well as upon the degree of purification required. Wastes 
high in organic matter are more susceptible to biological treatment 
than those in which mineral constituents predominate. Cannery, 
paper-mill, tannery, sugar-refinery and many other wastes are being 
successfully treated by oxidation processes. Such treatment, of wastes 
is seldom required before their discharge into municipal sewers. 

Chlorine treaUnent\\iBk^heen employed to a limited extent for the 
^disinfection of wasV« deemed to contain pathogenic organisms, the 
reduction of biochemical-oxygen demand, the mitigation of objectionable 
odors and the prevention of the growth of fungi in streams. 

Milk wastes have been treated with chlorine to prevent septic action^ 
and resulting objectionable odors, where the wastes were applied to 
land and pooled for a time before disappearing in the soil. Tannery 
wastes have been disinfected as a safeguard against the spread of the 
anthrax bacillus upon pasture lands. 

Miscellaneous Processes, —In the case of gas and by-product coke 
wastes special treatment processes have been developed. Wastes from 
by-product coke plants have been evaporated by using them to quench 
the glowing coke. Residual wastes from a water-gas plant have been 
treated with ferrous sulfate and filtered through coke breeze, the effluent 
being used for boiler feed water. Processes have also been developed 
for the recovery of phenols from the wastes. 

These instances are typical of special treatment processes devised 
to meet particular needs. 

Regulation of Treatment According to Climatic Conditions.—The 
effect of organic wastes discharged into rivers is influenced greatly by 
climatic conditions, particularly precipitation, with its resulting stream 
flow, and temperature, which vary markedly from season to season 
as well as from year to year. The cost of treating some wastes is so 
great that, where possible, intelligent regulation of the treatment process 
according to climatic conditions is highly desirable and much more 
important than in the case of municipal sewage. 

Fales (7) has described in de^l such regulation, as applied to the 
treatment of the wastes from a paper mill and a tannery in Massa¬ 
chusetts and to the Neponset River, into which the treated wastes are 
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The principles involved and the method of carrying out such regula¬ 
tion may be illustrated by the following quotation,;from one of the 
authors (8): 

This plant provides for degreasing the wool scouring liquors and treating 
highly polluted wastes by coarse screening, plain sedimentation, chemical 
precipitation, intermittent filtration and dilution. 

The operation of all features of this plant at maximum practicable 
efficiency during all seasons of the year, would require an exceedingly large 
expenditure for results unnecessarily refined. The plant is therefore so 
operated as to provide only such degree of purification and dilution as is 
necessary to prevent the formation of deposits, gross discoloration, high 
turbidity and putrefactive conditions along the river. 

Treatment is subject to seasonal regulation. At times of extreme high 
river and low tem'perature, the tannery and scouring wastes are simply 
screened and settled. With an ordinary high river and low temperaturey the 
scouring liquors are degrea.sed prior to admixture with the tannery wastes. 
When the river flow and iem 2 )erature are moderatCy the wastes from the sedi¬ 
mentation tanks are diluted with an appropriate measured volume of water 
from a large storage reservoir. When the river is low and the temperature is 
high, about one half the settled wastes are diluted before discharge, and the 
remainder - subjected to chemical precipitation followed by intermittent 
filtration—a stable effluent being produced. During a few short periods of 
extreme drought in warm weather, sodium nitrate has been added to the 
final effluent to provide a sxipply of oxygen. At all times a portion of the 
wastes which are only very slightly polluted, is discharged directly into 
the river without treatment. 

The regulation of the treatment is under the supervision of a chemist who 
devotes his entire attention to this work and who is aided in the exercise of 
judgment by weekly inspections and analyses of river water for several miles 
below th<? tannery. 

Sludge Disposal.—The disposal of the solids removed from industrial 
wastes presents a problem similar to t^t of municipal treatment plants, 
but often far more difficult and exfiensive to solve. Certain sludges 
have a small manurial value, tannery sludge being an example. The 
lime usually present in this sludge may be beneficial to some soils, but 
the large quantity of grease in some of these sludges is detrimental. 

Certaii^ paper-mill wastes produce large quantities of sludge which 
has no manurial value and which requires disposal at large expense. 
At wire mills and other plants discharging pickling liquors, the precipita¬ 
tion of the iron forms a yoluminous, valueless sludge, which can be 
gotten rid of o^aly at relatively large expense. 

The methods of dewatering and drying sewage sludge are applicable 
to wastes sludges, but the size of plant required per million gallons to 
be treated often is far in excess of that necessary for municipal sewage. 
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Cost of Wastes Treatment.—The costs of wastes-treatmeat plants 
and their maintenance and operation vary greatly according to the 
volume and character of wastes and the degree of purification required. 
Such costs are seldom less than those for a corresponding degree of 
purification of municipal sewage. The construction cost of ’ plants 
may be expected to vary from^ less than $9000 per m.g.d. of wastes 
for fine screens to more than $260,000 per m.g.d. for much more 
complete treatment, including oxidation by filtration or by the activ¬ 
ated-sludge process. 

The annual costs of maintenance and operation vary even more 
widely than the cost of construction and are dependent not only upon 
the volume and character of the wastes to be treated and the degree 
of purification for which the plants are designed, but also upon the 
saving which can be ti'iade by varying the treatment from time to time 
according to chmatWi conditions. Such costs may be expected to range 
from less than $3 to more than $200 per mil. gal. of wastes treated. 
Where the wastes are difficult to treat and the required degree of purifica¬ 
tion is high, an annual expenditure of upwards of $25,000 per mil. gal, 
treated daily may be expected. 

Influence of Wastes-disposal Problem upon Selection of Industrial 
Site.—When selecting sites for the construction of industrial works, 

. careful consideration is usually given to the volume and quality of the 
available water supply. It is also important to look forward to the 
disposal of the wastes produced. In some cases it has been found that 
wastes treatment probably could be postponed for a number of years 
and that for a considerable time thereafter only partial treatment 
would be required. The relative expense for wastes disposal may, 
therefore, become the deciding condition as between available sites. 

Attitude of Industrialists toward Wastes Treatment.—It has been 
the experience of the authors that industrialists do not welcome law- 
enforcement measures in the matter of stream pollution by wastes. 
On the other hand, when the need for treatment has been explained 
fully and the manufacturers have been convinced that the plant for 
such treatment is as economical and in all respects as reasonable as 
possible, they have shown a marked willingness to cooperate in the 
maintenance of the rivers in reasonably good condition. 

The magnitude of the problem of industrial wastes disposal is realized 
by few engineers, manufacturers and legislators. There are many 
single industries the polluting properties of whose wastes are equivalent 
to those of the domestic sewage from a city of 100,000 persons and 
some of the wastes are far more expensive to treat than the sewage 
from an equivalent population. It is therefore of the utmost importance 
that the laws be administered with due regard for the “rule of reason/' 
that treatment be regulated according to the actual needs in each case, 
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and that treatment plants be designed and operated with a keen appre¬ 
ciation of cost, on the one hand, and of the accomplishment of the 
requisite results, on the other. 
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CHAPTER XXXIII 


OPERATION AND MAINTENANCE OF SEWAGE-TREATMENT 

PLANTS 

The efficient operation and suitable maintenance of sewage-treatment 
plants are quite as important to their successful functioning as good 
design. There are far too many instances of costly treatment .vorks 
which have been neglected giossly after construction. It is probably no 
exaggeration to state that millions of dollars of investment in sewage 
treatment have beeii v/a!sted as a result of tsuch neglect. Fortunately 
there is a steadily 'Rowing appreciation of the need of trained super¬ 
vision of operation of treatment plants and an increasing number of 
plants are being operated by technically trained men. Furthermore, 
the nuiperous sewage-works operators^ associations throughout the 
United States are doing much in the way of educating the nontechnical 
operators of the smaller plants. 

Responsibility for Successful Operation.—The immediate responsi¬ 
bility for successful operation of a sewage-treatment plant rests, of 
course, with the man in direct charge. In a small plant the man in 
charge constitutes the entire staff, in which case the whole responsibility 
rests upon him. It is the duty of the man in charge of a larg:<^r plant to 
establish routine operation schedules, whereby each employee is assigned 
certain definite tasks to be performed regularly. It is also his duty to 
see that all tasks are performed efficiently and promptly. 

In addition to supervising other employees, the chief operator, 
superintendent, or whatever his title may be, must determine when 
ce^ain special work is required; for example, when to draw sludge, when 
to reverse the flow in Imhoff tanks, when to flood trickling filters for 
Psychoda control, and so forth. Certain details of operation require 
attention at practically every treatment plant. There may be other 
details, how-eVer, which are peculiar to any given plant, and the scope 
and character of these details must be determined by the man in charge. 
It is his responsibility to see that these operating details receive the 
requisite attention. 

Results of Faulty Management. —If a sewage-treatment plant is not 
managed efficiently, many unsatisfactory conditions may result. One 
of the first results of poor operation is deterioration in the quality of the 
effluent. In fact, it is possible for a treatment plant to be operated so as 
to produce an effluent which is no better than the incoming sewage. 
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Inefficiently operatetl plants may cause annoyance to the public;, due to 
obnoxious odors, the breeding of flies and rats and the production of 
other objectionable conditions. 

In some instances, poor manageiuent may be responsible for unduly 
high operation costs. Such instances, however, are ])robably the excep¬ 
tion rather than the rule, if the comparison of expenditures is based 
upon costs per million gallons of sewage treated, due to the fact that 
ava'ilable funds for operation are generally none too lavish. On the 
other hand, if the comparison is made upon some standard of accom¬ 
plishment, such as the cost of removing 100 lb. of sus{)ended solids or the 
cost of satisfying 100 lb. of oxygen demand, it is probable that instances 
of poor economy in operation would be found to be comparatively 
numerous. 

The failure of sewage-treatment plants to accomplish all the purposes 
for which they are designed often is due to combinations of poor manage¬ 
ment and inadequate funds for operation. Under such conditions the 
results may be even more unsatisfactory than when only one of the 
unfavorable factors is present. 

Providing Funds for Operation and Maintenance.—The recognition 

inadequate appiiopriations as the most serious obstacle to securing 
clficient operation has led state departments of he'alth to foster and, in 
some cases, to obtain legislation whereby sutticient funds can be assured. 
Such legislation has generally taken the form of enabling acts which 
l^ermit municipalities to make annual charges or rentals for the use of 
sew'ers, similar to charges for water servi(;e. Oliio was a pioneer state 
along these lines, passing a sewer-rental law in 1923. In Massachusetts 
and Texas sewer rentals have been in effect in seveial municipalities 
without a special act. Brockton, Mass., has used a sewer-rental plan 
since 1894. 

Intelligent Operation Necessary.—C-ouscientious and faithful atten¬ 
tion to duty, valuable as it may be, is not &he sole criterion as to what 
constitute the characteristics of a suc'.essful sewage-plant oi)erator. 
In addition to the attributes of conscientiousness and faithfulness, the 
operator should possess somewhat more than average intelligence and 
common sense and should have some understanding of the general 
principles involved in the treatment process under his care. 

For example, a faithful but untrained operator may withdraw the 
entire accumulation of digested sludge from an Imhoff tank on the 
assumption that it is desirable to do a thorough job of cleaning. Such 
action, of course, results in serious difficulty in the reestablishment of 
good digestion. Instances of this character have been comparatively 
frequent. Another example of Unintelligent operation occurs in the 
case of intermittent sand filters, when the operator plows or rakes into 
the filter beds the sludge which has accumulated on the surface of the 
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beds. Although such a course of action temporarily increases the 
filtering capacity of the beds, serious clogging thereof eventually occurs. 

Where the more complicated processes of treatment are involved, such 
as separate sludger digestion, activated-sludge treatment ana the like, 
the opportunities for trouble to result from unintelligent operation are 
even greater. 

Operation under Consulting Supervision.—It is becoming rather 
general practice for designing engineers to retain for one or two years 
consulting supervision of ooeration of new plants constructed after 
their designs. This practice is of benefit to the municipalities because 
the engineers know the del tils of the plant, for what purpose they were 
included in the design and how they are supposed to function. Usually 
the engineers have had pre\ ions operating experience which is of value 
in the '^tuning up’^ of a u piajit. 

^ For small plants, where the fuiids available do not permit the engage¬ 
ment of a full-time, technically trained operator, the retention of 
consulting engineers to maintain general supervision of operation with 
occasional visits to the plant is distinctly advantaf;eous. The value 
of such supervision lies in the fact that occasional visits and the receipt 
of regular reports permit the engineers to give operating instructions 
which, if carried out, will result in maintaining satisfactory performance 
on the part of the treatment jdant. Furthe^rmore, this general super¬ 
vision has a tendency to maintain the interest and morale of the local 
operator. Another advantage of the maintenance of close contact 
between the engineer and the treatment plant is that difficulties may be 
anticipated and im})rovements or changes may be put into effect before 
such difficulties occur. 

Records of Operation.- - There are several reasons why regular records 
of operation of sewage-treatment plants should be kept. In the first 
place, such records may be of invaluable assistance to the operator in 
guiding his judgment in the details of operation. Furthermore, where 
consulting supervision is maintained, it is necessary for the consultants 
to have regular and comidete reports, in order to permit the formation 
of sound judgments and the giving of correct advice. In some states 
regular monthly reports of sewage-works operation are required by the 
state departments of health. Another reason for the keeping of 
operation records is the possibility of their being required in event of 
litigation relative to the treatment plant. The keeping of regular 
records is also of material help in maintaining the interest and morale 
of operators. 

The details of the records to be kept depend largely upon the tyi^e of 
plant, its size and other conditions which are more or less variable. 
Certain essential data should be kept at all plants, but there may be 
wide latitude in the details of operation of which records should be 
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maintained. Space does not permit a discussion of the various records 
which may be kept. This matter has been reported upon by committees 
of the New England Sewage Works Association and the American 
Society of Civil Engineers (1) (2). 

Generally speaking, it is better to use record forms of ordinary letter- 
paper size, namely, 83^ by 11 in., or else folded forms, not more than 
11 in. high. Long record sheets are cumbersome and difficult to file. 
Although the use of the letter-size forms may require more than one 
form for any given period of time, it is possible to group the items in 
such a way as to have related data on the same slieet. 

Analyses of Sewage and Effluent. —As is the case with the keeping of 
operation records, the analytical determinations which should be made 
at treatment plants depend upon the type of treatment in use, the size 
of the plant and the adequacy of laboratory facilities and personnel for 
performing analytical work. 

The simplest determinations, which can be made by operators with¬ 
out technical training, are those of settleable solids in Tmhoff cones and 
relative stability by the methylene-blue test. The former test 
indicates roughly the efficiency of settling tanks and the latter affords 
information as to the degree of oxidation of the effiuent from oxidation 
pro'cessefe. 

At large plants employing more or less complicated methods of treat¬ 
ment, it is desirable to carry on rather complete routine analyses. In 
general, the two determinations which are most significant are those of 
suspended solids and biochemical-oxj'gen demand. With these deter¬ 
minations made upon the sewage and effiuent, it is possible, within 
limits, to know with a fair degree of accuracy the extent of improvement 
brought about by a treatment plant, J.ocal conditions often control 
the significance of any particular determination. For example, the 
determination of iron may be of the greatest importance in the case of a 
sewage which receives acid iron wastes. 

In some cases it may be fully as important to make analyses of the 
stream or other body of water into which the effluent is discharged as 
to make them of the sew'age and effluent. The analyses may consist of 
determinations of dissolved oxygen and oxygen demand in samples col¬ 
lected at various places upstream and downstream from the point of 
effluent discharge. Other determinations also might be made, includ¬ 
ing plankton studies, but the two tests suggested are i)robably the 
most valuable ones which could be employed under ordinary conditions. 

In ro\itine plant operation it is generally desirable to make measure¬ 
ments and analyses of the sludge produced and requiring disposal. 
Among the essential determinations are specific gravity, total solids, 
loss on ignition and pH. In some cases complete fertilizer analyses 
may be of value, while in other cases determinations of ether-soluble 
matter and tptal nitrogen may assist in solving the sludge-disposal 
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problem. Where gas is collected and utilized, measurements of its 
volume and occasional analyses to determine its methane and carbon 
dioxide content are needed. 

Great care must be exercised in collecting samples which are repre¬ 
sentative, if reliable results are to be obtained. 

State Control. —In many states general oversight of ihe operation 
of sewage-treatment plants is maintained bv the engineering divisions 
of the state health departments. In certain states the health depart¬ 
ments require monthly records of operation, while in other states they 
maintain regular insi)ections of plantw. In Massachusetts samples of 
sewage and effluent from treatment plants are analyzed monthly. 
The’ thoroughness and ellioiency of the oversight exercised are largely 
dependent upon Die funds available for such service. 

Maintenance.— At c,3iy ssewag^’-crcatment jilant there is need of 
ipaintaining the ])hysi( al condition of the plant and structures. Where 
machinery is used, such as pumps, mechanical screens and other equip¬ 
ment with moving paUs, it is necessary to keep such equipment well 
lubricated and clean, as well as to paint or otherwise protect all exposed 
metal parts. Buildings of wood and the trim of masonry structures 
should be kept painted, brickwork should be pointed from time to 
time and necessary repairs should be made promptly. All parts^of 
the plant should be ke])t clean and shipshape at all times. 

The increasing tendency for the grounds of sewage works to be 
landscaped attractively involves more attention to the care of such 
grounds. Lawns reejuire mowing and raking at frequent intervals, 
driveways, roads and walks need to be maintained and trees and 
shrubs sliould be pruned and sprayed. 

Too much emphasis cannot be placed upon the suitable maintenance 
of sewage-treatment plants. Elaborate landscaping is not essential, 
but neatness and cleanliness arc. Furthermore, maintenance of 
structures and ccpiipment in good condition retards depreciation and 
minimizes cost of operation in the long run. 

Costs of Operation and Maintenance. —The costs of operation 
and maintenance of sewage-treatment plants vary with the size of 
plant, type of treatment, degree of purification effected and local costs 
of power, labor and supplies. For comparative purposes, costs are 
commonly figured on the basis of either annual cost per capita served or 
cost per million gallons of sewage treated. To make such figures more 
readily comparable, the costs of operation and maintenance of sewage 
pumping units should be excluded from those of sewage-treatment 
plants. 

Wisely and Ferguson (3) have studied the costs of operation of 
certain Illinois plants employing intermittent sand filters, trickling 
filters and flie activated-sludge process, and have summarized the 
ranges of unit costs as given in Table 156, 
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Table 166.— Summary of Uniy Operating Costs for Various Types of 
Treatment at Certain Sewage-treatment Plants in Illinois 


Type of treatment 

Num¬ 
ber of 
plants 

Unit 

Range 

Mini¬ 

mum 

of cost 

Maxi¬ 

mum 

Adjusted 

average 

cost 

Activated-sludge, mechani- 

3 

Per capita 

$0.90 

$0.98 

$ 0.93 

cal aeration 


yearly 






Per m.g. 

16.25 

27.01 

24.00 

Trickling filtom, total, ex- 

17 

Per capita 

0.17 

3.05 

0.50 

eluding cost of power 


yearly 






Per m.g. 

3.83 j 

20.21 

9.75 

Trickling filters, sewage 

3 

Per capita 

0.44 

0.68 

0.57 

not pumped 

1 

yearly 






' Per m.g. 

3 83 

14.69 

10.95 

Trickling filters, sewage 

14 1 

1 P(‘r capita 

1 0.29 

4.42 

0.75 

pumped 


! yearly 






' Per m.g. 

6.49 

23.83 

13.85 

Intermittent sand filtt^rs. 

8 

i Per capita | 

0.25 

0.75 

0.47 

excluding cost of power 


1 yearly ' 





i 

Per m.g. 

6.97 

21.67 

11.90 


The cost of operation of the trickling-filter plant at Schenectady, N. Y., 
for 1932 was $7.47 per mil. gal. treated. The cost of operating a 
similar plant at Worcester, Mass., for 1931 was $8.20 per mil. gal., 
Ciiuivalent to $0.31 annually per capita served. The net cost of 
operating the plain-sedimentation, separate-sludge-digestion plant at 
Grand Rapids, Mich., for the 12 months ending March 31, 1934, 
excluding pumping, was $2.92 per mil. gal. of sewage treated, equivalent 
to $0.16 annually per capita served. Including pumping about 73 per 
cent of the sewage, the net cost of operation was $4.53 per mil. gal. 
treated, or $0.24 annually per capita sct ed. 

The operation and maintenance costs of the activated-sludge plant 
at Springfield, Ill., during 1932 were $13.11 per mil. gal. treated, or 
$0.53 annually per capita served. The cost of operating the activated- 
sludge plant at Peoria, Ill., for 1932 was $22.92 per mil. gal. of sewage 
treated, or $0.70 annually per .capita served. The operation cost of the 
activated-sludge plant at Indianapolis, Ind., for 1931 was $13.27 per 
mil. gal. The operation cost of the activated-sludge plant at San 
Antonio, Tex., for 1933 was $8.76 per mil. gal. of sewage treated. 
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ciliates, 586 
Clark’s studies, 179 
cocci, 58 

coli aerogenes. 80, 105-107 
counts, 80 
cultures, 80 
death rates, 174 
denitrifying, 45 
destroy celiiilose, 4.3 
differentiation, ,*2 
effect of pollution, 174 
enzymes, 68 
Escherichia coli, 81 
facultative, 8, 69 
ferments, 58 
flagellates, 587 
growth, 59 

Illinois River, 176, 18.3 
ingested, 20 
intermittent filters, 1.37 
intestinal, 105 
longevity, 20 


Bacteria, microscopical examination. 82 
mortality due to disinfection^ 763, 7.87.. . 
number in sewage, 105-106 
Ohio River, 175 
oxidizing action, 41 
oxygen demand, 12.3 
parasitic, 58, 81 
pathogenic, 20. 106 
pollutional indicators, 172 
protoz )a, 57, 585 

removal by diffusion process. 20, 776 

sampliiig error, 106 

saprophytes, 50, 81, 158 

seasonal activity, 589 

sewage, .30 

Shiga, 69.3 

size, .58 

sludge digestion, .589 
soil, 234 
source, 59 
spirilla, .58 
spores, 58 
sulphur, 46 
survival, 20 

swimming-pool standards, 217 
temperature affects, 59, 124, 174 
tests, 79 

viability, 174, 693, 76.3, 775 
of B. typhosus in soil, 693 
Baffles, Boon I on, N. .1., 329 
grit charnlxTs, 285 
Imhoff tank, 394 
Philadelphia, 328 ' 
sedimentation tanks, 328 
skimming tanks, 299 
Baity, li. G., chlorination, 778 
sludge studies, 181 
Baity and Bell, 781 

chlorin.ation of Imhoff tank effluent, 777 
Baity, Merryfield. and Uzzle, 781 
Baltimore, activated sludge, 10 
Back River, 172 
bacterial content of sewage. 107 
butterfly valves, 555-556 
centrifuging sludge, 146 
character of sludge produced, 672-673, 
675 

cost of separate-sludge-digestion tanks, 
135 

crop experiments, 682-684 
digestion of screenings, 279 
drum screen.^. 281 
filter-press tests, 752 
gas analyses, 368 
heat-transfer efficiency, 426 
incineration. 278 
macerator, 280-281 
marketing sludge, 687 
moisture in sludge, 331 
pH standard for effluente, 810 
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Baltimore, pressiiig Boreenings, 277 
S»riinaiy-Bedimentation tankB, 32A 
raeks, 281 

rotary-heat dry^, 758 
soreeningB, 130 
aedimentation-tank inlet. 327 
separate sludge digestion, 7, 418, 426 
sludge beds, 12, 717, 725 
design, 733 
loading, 721 
tracks, 729' 
sludge centrifuges, 755 
sludge dewatering, 746 
sludge disposal, 130 
sludge elutriation, 747 
sludge pipe lines, 707 
temperature of sewage, 100 
tidal prism, 195 
trickling filters, 9, 542 
utilisation of sludge, 688 
Banta, A. P., Los Angeles County Sanitary 
District skimmings disposal. 303 
Barbour, F. A., 455 
contact beds, 461 
dosing apparatus, 552-553 
Barnsley, Eng., activated sludge, 567 
bleach, 567 

Barrington, N. J., activated-sludge treat¬ 
ment. 570 

effluent treatment, 22 
Link-Belt aerator, 625 
preliminary-sedimentation tanks, 326 
Bartow, E., 183 

Bartow and Hatfield, crop experimentH, 
681-682 

fertiliser value of sludge, 680 
Basins (see Tanks) 

Bath, Eng., separate sludge digestion, 16, 
431 

Bathing beaches, bacterial standards, 217 
Los Angeles, 228 
protection, 217, 222 
Rochester study, 218 
Beckman, 248 

Bedford Station, N. Y., Montefiore Home. 

volume of sewage, 787 
Bell, H. D.. 596 
bleach, 567 

Beliefontaine, Ohio, contact beds, 461, 462, 
465 

Bender, £., SW 

Berlin, Germany, analyses of sewage and 
effluents, 248 

Oranienburg diffuser System, 634 
sewage farm, 243„ ^ 

Besselievre. £. B., 636 
caking of coils, 427 ^ i 

Dorrco aerators, 609, 628 
oyerfiow liquor disposal, 429 , 


Biochemical oxygen demand, defined, 76 
reduced by chlorination, 142. 776 
residential wastes. 111 
sewage, 115 

Hioilocculation plant, 629 
Bio-reduction process, 353 
Birmingham, Ala., chemical precipitation, 
350, 352 

sludge-bed area, 722 

Birmingham, Eng., activated-sludge proc¬ 
ess, 15 

aeration, 671-572 
bioflocculation, 571 
diffuser-plate permeability, 644 
gas analysis, 368 
gas collection, 16 
mechanical aeration, 622 
partial treatment, 571 
power consumption for activated sludge, 
572-573 

re-aeration of return sludge, 585 
separate sludge digestion, 7, 16, 431 
sludge pipe line»s, 707 
sludge from septic tanks. 674 
trickling filters, 15, 502 
Black and Phelps, aeration sfudies, 9 
dissolved-oxygen standard. 220 
New York Harbor studies. 189 
Blackburn, Eng., sludge disposal, 697 
Rlackstone River, sewage-treatment pro¬ 
tects, 21 

Blackwell, Okla., screenings, 272 
Blankenstein, Germany, contact aerators, 
469 

Bloomington, 111., final-.sedimentation tank, 
540 

screenings, 274 
sewage analyses, 116 
sludge bed, area, 722 
design statistics, 734 
trickling filter, 9 

Bloomington-Normal, 111., loss of heat in 
trickling filters, 535 
trickling filter, 642 
Blunk, H., 308 
grit chambers, 292 

Bock and Schwarts, currents in sedimenta¬ 
tion tanks, 317 

Boisseau process of precipitation, 4 
Bolton, Eng., activated sludge. 568 
chemical precipitation, 568 
mechanical aeration, 622 
Simplex aerator, 15 
storm, 284 

Boonton, N. J., baffles, 329 
chlorination, 776 
contact beds, 457, 461, 463, 465 
inlet chamber, 327 

intermittent sand filters, 437, 464, 457 . 
sedimentation-tank statistics, 339 
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Uocmton, N. J., separate sludse-digeHtion 
tanks, 431-432 
sludge bed, area, 722 

Hordentown, N. J., contact beds, 4ttl, 465 
intermittent sand filters, 454 
Horuff and Buswell, 68. 282 
cellulose fermentation, 43 
digester, 279 

Boston, Calf Pasture pumping station, 260 
chlorination, 13 
ether-soluble*content, 685 
joint trunk sewers, 27 
Miles acid process, 678 
outlets, 220 -227 
pressing screenings, 277 
racks, 11, 255, 260 264 
screenings, 274 
tidal prism, 195 

Ward St. pumping statin? 2f i 263 
Bradford, Kng., chemicul p ec’pit!. ion, 344 
Miles acid process, 134r 
nitrogen balaiic.c, 59t> 
sludge pipe lines, 707 
trickling filters, 16 
Brewster, N.'Y., chlorination, 12 
Bridgeport, Conn., chlorine dosage. 772 
fine screening plant, 149 
British Ministry of Health, 500-.501 
Broad irrigation, 2, 126 

American practice, 127, 244 
area, 239, 242 
Ashburton, Eng., 2 
.\ugusta, Maine, asylum, 3 
Berlin, Germany, 243 
biological process, 234 
broad irrigation, 237 
Bunziau, Germany, 2 
(-alifornia plants, 240 
(Carmel, 240 

construction of irrigation arejis, 236-237 
crops, 127 

pollution, 249 
yield, 235 

Danbury, Conn., 244 
Devonshire, Eng., 2 
distribution, 237-238 
dosing, 240 

English practice, 2, 240-241 
extent in United States, 13, 127 
flood method, 237 
fly nuisance, 127 
Fresno, 239-240, 244 
German practice, 17 
irrigation with sludge, 697 
Kingsbury, Cal., 240 
Lenox, Maas., 3 
loadings, 240 
Modesto, Cal.. 240 
Munday, Tex., 238 
nitrate production, 62 


Broad irrigation, oxidation, 62 
Paris, 243 
Pasadena, 240, 244 
physical process, 233 
Pomona, 235-236, 245 
prejiidi(*e against crops, 240 
preliminary treatment, 235 
public-health aspects, 247 
Pullman, Ill., 3 
ridge, 236 
San Antonio, 245 
San Lais Obispo, 240 
sewage as fertilizer, 234 
soil, English farms, 240 
surface systeni, 236 
Texas, 24 

underdrainage, 239 
iLsc of effluents, 235 
use in U. S. cities, 222 
A ineland. N. J., 237 
\’Lsalia, 240 
Worcester, 3 

Brockton, Mass., analysis of sludge and 
coke from dc--tructive distillation, 703 
butterfly valve, 5.5(» 
character of sludge produced, 672 ti73 
Cow'esett Brook studies, 185 
efficiency of sand filters, 453 
Hoc.koinock River, 171 
intermittent sand filters, 437 
pli control of sludge digestion, 363 
screenings, 275, 277 
sew^age analyses, 117 
sewer-rental plan, 832 
sludge bed, area, 722, 739 
operation, 739 
•kludge bed.H, 717, 723 
temperature of sewage, 109 
Weaiid screen, 277 

Brooklyn, N. Y., flushing tunnels, 230 
Brown, crop experiments, 682 

phosphate and potash content of sludge, 
678 

Browne, F. C., 713, 740 
sale of sludge, 690 

temperatures of glassed sludge beds, 728 
Browne and .Jone.s, glasscnl sludge beds, 719 
Brunotte rack 264-265, 281 
Buchart sludge remover, 320, 335 
Buffer action, 56 

Bugbee, Julius W., Providence studies, 101 
Builders Iron Foundry, Oriflo diaphragm 
meter, 662 
Shunt meter, 662 

Burnley, Eng., activated-sludge plant, 16 
separate sludge digestion, 16 
storm, 284 

Bunziau, broad irrigation, 2 
Bury, Eng., Simplex aerator, 624 
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Busliee and Zaok, 666 
air*pipe flow tests, 660, 664 
Boswell, Arthur M., 374, 476, 490 
aeration, 470, 682 
clarification, 664 
contact aerator, 140, 467, 460 
filtration, 478 
Imhoff tank scum, 413 
mechanical aeration, 607 
oxygen requirements of aeration tanks, 
603 

protein, 42 
researchee, 14 
sludge studies, 67 
trickling filters, 499 

Buswell and Boruff, cellulose fermentation, 
43 

Buswell and Long, 696 
flocculation, 661 

Buswell and Neave, grease removal from 
sludge, 686 
nitrogen balance, 690 
nitrogen content of sludge, 677 
Buswell and Htickhouse, filter studies, 498 
Boswell, Symons and Pearson, sludge 
digestion studies, 364 

C 

Cabrera process, 363 
Cjjtflaverin, 63 

California Agricultural Experiment Htaiion, 
713 

California State Board of Health, 249 
Cambridge, Eng., 241 
sewage farm, 241 

Cameron, A. B., Foetoria wastes, 111 
Camp Meade, grease trap, 802 
Camp Merritt, grease trap, 802 
Canton, Ohio, character of sludge produced, 
672, 676 

chlorination, 774 
contact bed, 463-464 
oxygen demand, 106 
screenings, 274 
sludge disposal, 12, 697 
sludge pipe lines, 707 
trickling filter, 9, 604, 642 
utilisation of sludge, 688 
Capen, C. H., 342 
baffles, 328 

Carbohydrates, decomposition, 60 
described, 42 
Carbon cycle, 46 
Carbon dioxide. 49 
formation, 46, 63 
solubility, 62 
well-water oontent, 60. 

Carborundum Company, Aloxite Wate 
diffusera. 632, 646-646 


Casein, composition, 42 
Catch basins, obviate grit chambers, 284 
Cellulose, destruction, 43 
fermentation, 43 

Centrifuges, dewatering screenings, 11, 277 
Cesspools, absorptive area, 788-789 
design, 790 
leaching, 788-789 
London practice, 788 
North Carolina regulations, 788 
overflowing, 22 
Paris practice, 788 
volume of sewage, 790 
Chain-Belt, rack cleaner, 257 
Ilex screens, 270 

Tow-Bro apparatus, 167, 620-621 
Champaign-Urbana, acidulation of sludge. 
756 

crop experiments, 498, 682 
nitrogen balance, 690, 677 
screenings, 274 
trickling filters, 54’] 

Chapel Hill, chlorination. 13, 777 
Charles River Basin, Goodnough’s studies. 
177 

Shedd's dilution studies, 207 
wave action, 200 

Charles River Dam Commission, 189, 232 
Charlotte, activated-sludge plant, 10, 12, 
567 

activated-sludge-plant results, 592, 594 
statistics 662 

air-diffuser system, 634, 639, 641 
analyses of sewage and effluents. 594 
cost of sludge-filtering apparatus, 760 
De Laval air compressors, 660 
gas collection, 7 
production, 367 
utilization, 370, 372 
General Electric compressors, 668-669 
Oliver filters, 618 
plate containers, 648 
« -reenings, 274 

sedimentation-tank statistics, 339 

separate sludge-digestion tank. 432 

sludge digestion tank, overflow liquor, 593 

sludge disposal, 12 

sludge pumps, 618 

tidal prism, 195 

vacuum filters, 752 

Chemical precipitation, A.B.C. process, 5 
action, 348 
alumino-ferric, 5 
Ashland, Ohio, 350 
bacterial removal. 775 
bio-reduotion process, 368 
Birmingham. Ala., 352 
Birmingham. Eng., 360 
Boisseau process. Ill 
Bolton, Eng., 343 
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Chemical precipitation, Cabrera, 353 
character of sludge, 671-^72 
Chicago experimenie, 14 
Circleville, Ohio, 352 
coagulation, 343 
Coney Island, 5. 350 
Dearborn, 5, 14, 360, 701 
described, 343 
design, 35(> 
development, 4 
Diamond Alkali, 353 
displaced, 343 
East Orange, N. .1., 5 
English practice, 4, 15, 343 
Ferroaone, 5 
fuel value of sludge. 701 
Great Britain, 4, 343 
Guggenheim pn cess, 351<-3:>2 
Hasen, Allen, 3^6 
industrial wast.^s, 568. 82‘i 
Laughlin procciH, 5,'3')0 
I.i.‘»wrence lilxperir,tent Station, 5 
Lewis process, 353 
lime, 4 
limitations, 5 
Miller-Kollcr, 353 
Minneapolis-St. Paul, 350 
municipal sewage, 344 
National Aluniinite Corporation patent, 
343 

nitrogen content of sludge, 677 
Perth Amboy, N. J., 350 
Polarite, 5 

precipitaiiib, 4, 5, 133, 343 
aluminum sulfate, 343 
calcium oxide, 343 
chlorinated copperas, 352 
copperas, 343, 345 
electrical production, 136 
ferrous sulfate, 343, 340 
ferric chloride, 346 
ferric salts, 343, 344 
iron salts, 343 
lime, 343, 345, 346 
reactions, 344, 348 
sulfur di' 'ride, 343, 347 
sulfuric acid, 343-344, 347 
preliminarr to activated sludge, 568 
Providence, 343 
Putnam, 353 
reactions involved, 344 
recent developments, 360 
revival, 5 

Rudolfs’ patent, 343 
Soott-Darcey, 363 
Shades Valley, 352, 353 
sludge, character, 343, 671~672 
produced, 669 
volume, 343, 349 
statue, 14 


('heinical preedpitation, Stevenson procees, 
353 

Streander process, 35:1 
Travis-marl process. 362 
Worcester, 5, 343, 346 
Cheyenne sewage farm, 246 
Chicago, activated slu^e, 10, 14, 567, 676- 
577 

results, 594 
j.uit, 10 

aeration period, 699 

aeration tanks, 601-602, 641 

air consumption in aeration tanks, 606 

air-iliffasion tests, 637, 639 

air-meter testa, 660 

air-pipe flow teat, 615 

air wa.shers, 660 

analyses of effluent and sewage, 677 

Berrigan prass, 750 

biocht mical demand reduced, 744 

centrifuging sludge, 146 

chemical precipitation, 360-351 

chemical pretreatment of sludge, 742, 744 

chlorination 776 

coagulants and pretreating sludge, 744 
collecting troughs, 621 
coni-products-wastes tests, 639 
crop experiments, 682 
deflectors, 041 

diffused air and mechanical aeration, 607- 
608 

Dorreo bar screen, 259-260 
Drainage Canal, 230 

Engineering Board of Review dilution 
studies, 207 
experimental plant, 29 
filter-press testa, 751- 752 
flushing tunnels, 230 
friction in sludge pipes, 710-711 
Fritzsche formula, 650 
fuel value of sludge, 701 
gas production, 367 
gril chambers, 280, 297 
Hytor air compressors, 668-659 
Imhoff tanks, 7, 388, 393, 409 
industrial wastes, 110-111 
inverse sludge index, 689 
Link-Belt aeration tank, 601 
location of rivers and canals, 231 
mechanical samples, 71 
multiple collecting troughs, 621 
nitrogen balance, 590, 677 
open vs. glassed sludge beds, 719 
operating results, 578 
packing-house wastes, 810 
patent litigation, 632 
Palmer and Smith, 589 
Pearse and Mohlman, 590 
pneumatic ejector, 276 
oxygen adsorption, 602 
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Chicago, oxygen demand loads, 208-2(H) 
re-aeration of return sludge, 583-A84 
researches, 14 
return sludge pumps, 617 
screenings removed. 272, 274 
sedimentation tanks, 133, 331) 
sewage analyses, 113 
skimming detritus tanks, 301 
sludge beds, 12 
sludge bed, area, 722 
loading, 721 
sludge-blanket test, 614 
sludge conditioning, 746 
sludge digestion, 403 
sludge dump, 700 
sludge index, 588 
sludge-level indicator, 650, 654 
sludge pipe lines, 707 
sludge pumping, 712 
sludge removal from drying beds, 729 
sludge-stripping machine, 731 
suspended solids in sewage, 40 
temperature of sewage, 109 
wave action, 200 

ventilation of glassed sludge beds, 719 
Chicago Board of Review, dilution studies, 
207 

Chicago Drainage and Water Supply Com¬ 
mission, 232 

C'hicago Drainage Canal, in6uence on 
Illinois River, 171 
pollution observations, 185 
Chico, Cal., gas production, 367 
Chloride of lime, disinfectant, 13 
Chlorides, results, 113-118 
in sea water, 51 
in sewage, 47 

Chlorination, Allentown, Pa., 777 
Alliance, Ohio, 779 
apparatus, cost, 779 
direct feed, 765 
solution feed, 765 
Atlantic City, 772 
available chlorine, 765 
Baltimore, 13 

biochemical demand reduction, 776 

bleaching powder, 762, 764 

Boonton, N. J., 776 

Boston, 13 

Brewster, N. Y.. 12 

Bridgeport, 772 

calcium hypochlorite, 762 

Canton, 774 

caustic soda, 764 

Chapel Hill. 13, 777-778 

Chicago, 776-777 

chloride of lime, 13 . 

ohlorine demand,'771 

chlorine gas, 762, 766-767 

Cleveland, 775 


Chlorination, ('olumbus, 776-777 
cost of chlorine, 729 
Dallas, Tex.. 773 
deodorisers, 769-770, 778 
efficiency, 775 
effluents, 22 

electrolytic chlorine, 764-766 

emergency disinfecting apparatus, 769 

feed tanks, 767-768 

Flint, Mich., 779 

Fort Worth, 773 

free chlorine tests, 773 

lladdon Heights, N. J., 772 

Huntington, N. Y., 774, 778 

hypochlorites, 762, 764 

Independence, Kan., 773, 779 

industrial wastes treatment, 827 

institutional plant, 807 

labor, 779 

liquid chlorine, 13, 764 

l^os Angeles ('ouuty Sanitary District, 779 

Macon, 779 

Millville, N. J., 772 

mixing tanks, 167 

Morristown, 772 

New York Department- of Health 
requirements. 772 
Ocean city, N. J., 772 
odor control, 13 
Orange County, Cal., 773 
Plainfield, 774, 779 
point of application, 773 
pre<*hlorination, 773 
quantity of chlorine, 760-772 
reactions, 764-765 
Red Bank. 13 

reduces biochemical oxygen demand. 13 
residual chlorine. 763 
salt-brine electrolysis, 763 
San Bernardino, 779 
Schenectady, 774, 779 
solution tanks, 767 
^pUt chlorination, 774 
supplements sedimentation, 13 
theory, 762-763 
Ventnor, N. J., 772 
West Haven. Conn., 773 
Wildwood, N. .T., 772 
Chlorine index, 47 
Chlorophyll, defined, 46 
Cholera, infectious, 20 
Christopher, Ill., Simplex aerator, 625 
Cincinnati, Ohio, Ohio River observations, 
185 

sludge index, 588 
stream pollution, 169 
water supply from Ohio River, 22 
CM Engineering^ 836 
Clark, H. W., pollution studies, 178 
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Clark, H. W., trickling-filter studies, 441, 
49^99 

Clark, W. M., hydrogen-ions, 87 
Clark and Gage, aeration studies, 9 
contact period, 460 

partial activated-sludge treatment, 571 
pre-aeration, 571 
trickling-filter studies, 8 
("ilear Lake, Towa, covered filter, 588 
Cleveland, Ohio, activated sludge, 10, 224 
aeration tanks, 641 
dir piping, 649 

bacterial content of sewage, 107 
centrifuging screenings, 277 
character of grit, 298-295 
character of sludge produml. 672-673 
chlorination, 775 
ejectors, 290 
experimental plant, 29 
floating covers 428 
glaas-covercd sludge 1 eds, 725 
grit-chamber exprTiments, 284-285, 287, 
292-293, 295, 297 
grit disposal, 295 
Imhoff tiink, 7. 409-410 
incinerator, 278 

loss of head in trickling filter, 535 
mechanical analysis of gril, 204 
outfalls, 224 

Pratt recommendations, 27 
(luantity of grit. 233 
radial-flow sedimentation tanks, 321 
report on tests at sewage-treatment 
station, 308 

ridge-and-furrow system, 635 
Riensch-Wurl screen, 271 
screenings, 274 
sedimentation tanks, 133 
separate sludge digestion. 7, 420 
sewage analyses, 113 
skimmings removal, 304 
sludge beds 12 

sludge disposal in lake, 14, 606 
temperature of sew'age. 109 
wave action, 200 
Whipple or water supply, 231 
. winter operation, 591 
Clifford, WilHsin, 543. 714 

trickling filter experiment*, 495 
Clifton, Eng., percentage of removal by 
sedimentation tanks. 338 
Clinkers, contact-bed media, 456-458 
Clinton, Mass., analyses of sludge and 
coke from destructive distillation- 70.3 
intermittent filters, 446, 453 
sewage analyses, 116 
Coagulation, adsorption theory, 662 
pH control, 55 
principle, 561-502 
Coefficient of stability, defined, 49 


Cohen, Chester, 260 

Texas sewage-farm loadings, 240 
Cohn, M. M., 490, 780-781 
odor control, 485, 7'^U 
sale oi sludge, 690 
Coke contact-bed media, 457-458 
Collingswood, N. J., centrifuging sludge, 
14G 

Li Ilk- Belt aerator, t)26 
Coltiagwood, Ohio, Lake Shore U.R. shops, 
volume of sew'agc, 787 
(U)lloidal matter, 103 
in industrial wastes, 818 
Leeds sew'age, 104 
O’.ShaugncHsy’s findings, 104 
Philadelphia, 104 
in sewage, .37, 103-104 
Colloidal solution defined, 38 
Color, industrial wastes ct)ntribute, 812 
ob8er^ at ions, 73 
removal, 595 

('olumbus, Ohio, character of sludge pro¬ 
duced, 672-673, 675 
chlorination 776 
chlorine demand of sewage, 770 
^ dosing period, 460 
loss of head, 536 
iixygen demand, 106 

reduction in biochemical oxygen demand, 
777 

si'reenings, 274 
septic-tank efficiency, 384 
settling solids in scw’age, 100-102 
."^ewage treatment to prevent river 
pollution, 21 
sludge bed, area, 722 
.storm w’ater tanks, 306 
trickling-filter walls, 536 
weights of sew'age constituents, 92 
Committee on .Sludge Digestion, American 
.Society of Civil Engineers, biochemical 
oxygen demand, 106 
Concord, Moss., cost of filters, 455 
efficiency of sand filters, 453-454 
Concrete, disintegration, 49 
hydrogen sulfide, 49 
New Bedford intercepter, 40 
Coney Island, chemical precipitation, 5, 350 
incineration, 146 
sludge incinerator, 700 
Connecticut Sewerage Commission, 385 
Connecticut .State Board of Health, dilution 
studies, 206 

Contact aerators, 10 136, 140, 467 
iieration, 470 
Blankenstein, 460 
brushwood, 472-473 
Buswell, A, M., 467 
circulation, 468 
cleaning, 470-471 
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Contact actaton, cost, 476 
dcBoribcd, 467 
dcBign. 46fr-469 
effluent. 469 
examples, 472 
German practice, 467-468 
Hagen. 469 
industrial wastes. 568 
Jacksonville, Tex., 472-473 
laths. 469 

Mahr and Sierp, 468-169, 472 
media. 469 
Menden tests, 469 
one>story tsrpe, 467 
operation, 469, 471, 472 
Rochester, 474 
Ruhr Valley. Germany, 507 
stages, 468 
GUbmerged, 567 
theory, 10 
two-story type, 467 
V^bert, 469 
vweer mat, 470 
C^taot beds, 136-137, 456 
airlock feeds, 550 
Aliiance, Ohio, 463-464 
Auburn. N. Y., 465 
automatic control, 460 
bacterial removal, 775 
ballitat. 456 

Bellefontaine, Ohio, 465 

doonton, N. J., 463, 466 

Canton, 463-464 

characteristios, 456 

clinkers, 456 

clogging, 459, 462 

coke. 457 

Columbus, 460 

cost, 463 

Depew, N. Y.. 8 

depth, 457-459 

described, 456 

Dibdin. 8 

distribution, 461 

dosing, 457-460 

double, 456 

efficiency, 138. 463 

effluents. 463 

English practice, 137 

filtering material, 457 

final, 457 

Glencoe, HI.. 8 

Glenview Golf Club, lU., 8 

institutional sewage treatment, 804 

loading, 459 

Mansfield, 465 V 

maturing of bedl, 462 

media. 137.,456-41^^ 459 

Monistown. J.,;465 

operatipg cycle, 137 


Contact beds, pretreatment, 138, 457, 463 
removal effected, 138 
shape. 461 
sise, 461 
stone, 461 
underdrainage, 462 
Contamination of water, defined, 10 
degree limited, 21 

sewage treatment reduced burden. 21 
Cooley, Lyman E., dilution studies, 206 
Illinois River studies, 183 
Copeland, W. R., activatedn^udge treat¬ 
ment, 570 

Filtros plate clogging, 647 
final-sedimentation tanks, 616 
lime treatment of sludge. 746 
sludge conditioning. 581 
sludge deposits on Filtros plates, 565 
winter operation, 591 
Corbett, Joseph, distributor, 0 
Cornstalks, experiments of lioruff and 
Buswell, 43 

Cost, construction, activated-sludge plants, 
28 

fine screening, 28 
sedimentation, 38 
sludge digestion, 28 
trickling filters, 28 

operation, activated-sludge plants, 28 
fine screening, 28 
sedimentation, 28 
trickling filters, 28 
sewage treatment, 27 
Covers, floating, Birmingham, Eng., 16 
separate sludge-digestion tanks, 7 
Cowesett Brook, pollution studies, 185 
Cramer, Robert, 596 
protozoa in sludge, 586 
Cramer and Wilson, 761 
heat drying of sludge, 757 
sulfuric acid for pretreatment of sludge, 
744 

f^wford and Bartow, 630 
Crop experiments, 236, 681-684 
Baltimore, 682-683 
Chicago, 682 
Madison, 682 
Milwaukee, 682 
Toronto, Ont., 682 
Urbana, 682 

Croydon, Eng., sewage farm, 241 
Currents, lake, 201 
salinity observations, 193 
velocities, 107 
Cycle of life and death, 44 
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Dagenham, Eng., activated-eludge plant,,16 
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DalUuf. oxygen demand, 106 
prechlorination, 773 
sludge bed, area, 722 
sludge lagooning, 698 
Dallyn, quantity and character of grit, 293 
Dalmarnock Works, fertiliser, 28 
Danbury, Conn., sewage farm, 244 
Daniels, chlorine dosage, 772 
Darwen, Eng., spray nossles, 607 
Dayton, chlorine demand of sewage, 770 
dewatering screens, 276 
fertiliser, 12 
gas analysis, 368 
gas production, 367 
gas utilisation, 372 
glassed sludge beds. 720 
grit chambers, 286 
heating by sludre gas, 370 
Imhoff tank, 7, 279, 394 r‘8-409 
incineration, 278~279i 372 
industrial trastes, tit 
oxygen demand, 108 
screenings press, 279#. 281 
scum removal, 303 
sedimentation tanks, 149, 161-152 
skimming detritus tanks, 301, 307 
sewage analyses, 116, 117 
sludge beds, urea, 722 
design, 734 
loading, 721 

utilisation of sludge, 688-689 
water supply, 93 

Dayton, Montgomery County Infirmary 
volume of sewage, 787 
Dearborn, chemical precipitation sludge, 11 
360 

incineration, 11 
magnetite filter, 132 
sludge removal, 323 
Decatur, B.O.D. reduction, 575 
bioflocculation, 671 
chlorine demand of sewage, 770 
final>sedimentation tank, 640 
gas analyses, 368 
Imhoff tanks, 394 
loss of head. 6,36 
oxygen demand, 106 
pre-aeration, 673 
re-aeration, 686 
sewage analyses, 114 
sludge beds, 12 
trickling filters, 9, 602, 642 
Decomposition, aerobic, 63, 61 
anaerobic, 6, 61 

end products equal derivatives, 61 
sewage, 60-66 
(8ee also Sewage) 

Deer Island, Mass., outfall, 226, 227 
Definitions, aerobic bacteria, 69 
air baflies, 686 


Definitions, anaerobic bacteria, 69 
antibiosis, 63 

biochemical oxygen demand, 76 

bioftocculation, 666 

broad irrigation, 127 

buffer action, 66 

capsule, 68 

carbon cycle, 47 

catalysts, 360 

chf mical-precipitation tanks, 132, 343 

chlorination, 141, 702 

chlorophyll, 46 

coagulation, 343 * 

coefficient of stability, 49 

colloidal solution, 38 

contamination of water, 19 

critical velocities, 706 

curtain baffles, 636 

cytoplasm, 68 

denitrification, 46, 01 

digestible solids, 398 

digestion, 67 

disinfection, 762 

domestic sewage, 89 

double contact, 467 

facultative bacteria, 69 

fats, 43 

filtrable, 39 

filtration, 230 

fixation, 46 

freeboard, 336 

gasification, 61 

ground water, 89 

house sewage, 80 

humus, 356 

hydrolysis, 47 

Imhoff tanks, 133 

industrial w'Rsles, 89, 809 

irrigation, 126 

lagoon, 697 

leaching, cesspool, 788 

liquefaction, 126 

methane, 62 

micro-organisms, 66 

moist combustion, 662 

nitrification, 46, 61 

nitrogen cycle, 46 

nuclein, 682 

oxidation, 46, 61, 136 

photosynthesis, 46 

piston method, 223 

plain-sedimentation tanks, 132, 809 

plankton, 66 

pollution of water, 19 

proteins, 41 

putrefaction, 61 

reduction, 46 

relative stability, 06 

residual chlorine, 708 

reepiration, 46 
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DefinitioBs, return sludge, 130 
soreen, 258 
sedimentation, 309 
seeding, 140, 360 

separate sludge*dige8tion tanks, 416 

septio tanks, 132 

septioisation, 67, 366 

settling solids, 39, 76 

sewage, 1 

sewage index, 687 

sink drainage, 89 

sludge bulking, 686 

sol, 38 

solution, 38 

spiral flow, 635 

stage treatment, 666 

street wash, 89 

storm water, 89 

8>|bBurface irrigation, 127 

sulfur cycle, 46 

surface water, 89 

suspended solids, 39 

suspension, 37 

symbiosis, 63 

tankage, 685 

tidal prism, 194 

titration, 65 

sone of degradation, 159 
Oeflectors, 635, 641 
DeKa^b, Ill., gas production, 367 
ilcreenings, 274 

Driaware, Ohio, final-sedimentation tank, 
640 

oxygen consumed, 106 
trickling filters, 541 
Denitrification, defined, 45, 61 
Deposits, 123 

Dee Plaines River, Chicago drainage canal, 
230 

map, 211 

oxygen supply, 213 
re-aeration, 165 
Detritus tanks, 131 
effluent to grit chambers, 286 
English practice, 15 
Indianapolis, 131 
skimming, 131 

Detroit, Connors Creek pumping station, 
266 

Devonshire, Eng., broad irrigation. ,2. 
Dialysis, 104 \ v 

Diamond Alkali proceas, 353 
Diarrhoea, infectious, 20 
Dibdin, W. J/, atmospheric re-aeration, 163 
contact bed, 8 
Dilution, 122,168 . •; , 

American practice; 206 
Boston, 27 

Chicago Drainage Canal studies, &i\205 
consideration recommended, 27 


Dilution, disposal by, 2, 70 
extent used in United States, 13 
factors, 207 
Hering studies, 2 

Hering, Williams and Artingstall recom<* 
mendation, 205 
industrial wastes disposal, 823 
limitations of method, 124 
Los Angeles, 27 
Massachusetts studies, 2 
Newark, 27 
requirements, 204 
sewage disposal, 190 
standards, 204 

United States Public Health Service 
studies, 2 

Direct oxidation process, 135 
sludge, 11 
types of works, 221 
Winston-Salem, 11 
Diseases, infectious, 20 
Disinfection, 141 
activated-sludge process, 569 
apparatus, automatically controlled. 766- 
767 

cost, 779 

direct feed, 765-766 

Wallace and Tiernan, 766 
emergency disinfection, 769 
feed tanks, 767-768 
mixing tanks, 767 
solution feed, 765-766 
solution tanks, 767 
available chlorine, 765 
bleaching powder, 762, 764 
calcium hypochlorite, 762 
chlor^ation, 141, 21S, 744, 762 
chlonnc demand, 764- 765, 772 
chlorine reactions, 769-770 
cost of chlorine, 779 
cost of disinfpi'tiou, 780 
cost of odor control, 780 
cost to reduce B.O.D., 780 
cost to relieve pooling, 780 
defined, 141 

electrolytic chlorine, 764-765 
emergency disinfection, 769 
Huntington, 774 
hydrogen peroxide, 763 
hypochlorite, 262 
hypochlorous acid, 762-763 
institutional plants, 807 
labor, 779 

liquid chlorine, 141, 764 
New York State Department of Health 
requirements, 772 
orifice feed tank, 768 
Pasadena, Cal., 776 
principle, 135 
sun's rays, 20 
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Diainfection, awimming poola, 218 
See cUeo Chlorination 
Di^lved oxygen, demand of waatea, 208 
depletion by trade wastes, 50, 812 
Dee Plainea-Illinoia River, 216 
Illinois River, 165. 168 
Lake Michigan, 213 
New York Bay Standard, 220 
Ohio River, 165 
sag, 166 
sewage tests, 34 
Skaneateles outlet, 160 
teats, 73 

See also Oxygen 

District of Columbia (see Washington. 1).C.) 
Donahue gas container, 431 
Donaldson, Wellington, 506. 714 
addition of copper sulfate tc durlge. 730 
New York Harbor polloud^b, 2'1 
sludge index, 58T. 680 * 

Donaldson and Kurtz, al idge bcd.'i. 716 
Dorr apparatus, aerators. 600, 622. 627- 
628 

cleaning racks, 257 

roet at Aurora, 281 

detritor, 288 

digestor, 423 

Dorr CO bar screens, 250 

Dorrco plows, 301 

equipment, 417. 423 

Milwaukee, 167 

North Toronto, 335 

sifeed clarifier, 327 

sludge plows, 157 

sludge removal, 310-320. 539. 620 

Syracuse, 600 

Dorr Company, studies on acidulation of 
sludge, 756 

Dorr and Weston, 713 

ether soluble fats removal, 685 
Dortmund tanks, final-sedimentation tank, 
640, 569, 620 

sedimentation tanks, 340, 530 
Dosing apparatus, contact beds, 457 460 
dosing tanks, 704, 800 
intermittent sand filters, 137, 442 
Doten, L. S., 386, 808 
Downes, .T. R , 435, 761 
crusting of coils, 426 
Elgin, III., 422 
floating cover, 422 
Plainfield, 422, 426 

scum on separate sludge-digestion lank, 
427 

sludge flotation, 756 
Springfield, Ill., 422 
Drury, W. R., 414 
Dublin, Ireland, sludge disposal, 694 
Duluth, Great Lakes, 200 
wave action, 200 


Dunbar, W. P., 248, 342, 543 
disadvantages of fill-and-draw method, 
320 

distributors, 505 
interpretation of analyses, 97 
theory of filtration, 478 
trickling-filter studies, 495 
Dunsmuir, Cal., Simplex aerator, 626 
Dupre, dilution studies, 206 
Durham, final-sedimei>tation tank, 640 
plate containers, 048 
screenings, 274 
trickling-filter walls, 636 
Dysentery, bacilli, 693 
Flexner type, 693 

(See also Typhoid Fever) 
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East Orange, 5 
East York, Ont., air lift, 616 
Kasthamptun, Ma.s.s., efficiency of sand 
filters, 463 

Goodnoiigh’s aidies, 177 
water supply, 93 
Eddy, H. P., 189, 354, 414, 830 
Worcester septic tank, 384 
Eddy and Falcs, 449, 455, 597, 713 
sludge experiments, 668 
winter operation, 692 

Ed<ly, Fales, Copeland, Ferebeo and Hatton, 
quantity of area required for aeration, 
604 

Edinburgh, Scotland, br<»ad irrigation, 2 
Eductors, 289 
Fidwards, C. P., 596, 761 
Edwards, sludge conditioning, 747 
Effluents, Abilene, Tex., 246 

activated-sludge process, 140-144, 236, 
569 

analyses, 248, 453, 577, 594 
Barrington, N. J., 22 

biochemical oxygen-demand reduction, 
776-777 

Chicago aeration tanks, 008 
chlorination, 12, 22, 776 
chlorine demand, 770-772 
contact aerators, 469 
contact bod, 463 
Dayton, 152 
degree of treatment, 21 
disposal by broad irrigation, 235 
effect*uf separate sludge-digestion tank on 
activated sludge, 593 
final-sedimentation tanks of activated- 
sludge process, 619 
Imhoff tank, 152 
intermittent sand filter, 453-454 
iron content, 48 
Milwaukee standard, 595 
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EfButtuts. New York City standard, 596 
Pasadena, 246 
pH standard, 810 
Pomona, 246 

Royal Commission on Sewage Disposal 
standard, 204 
sampling, 70-71, 79 
sand bed, 48 
septic tank, 134 
tests, 70, 79 

trickling filter, 9, 17, 139, 480, 486-487 
Vacaville, Cal., 246 
Eggert and Cohen, 714 
sludge disposal, 697 
Ehlers, V. M., 261 
Rjectors, activated sludge, 616 
pneumatic, 276 
screenings, 276-277, 290 
Electrolytic treatment, 132, 136 
Elgin, Ill., Downes fioating cover, 422 
final-sedimentation tank, 640 
loss of head, 636 
screenings, 274 
trickling filters, 483, 641 
Flibabotli, N. J., Joint Meeting, odor 
control, 779 

plain-sedimentation tanks, 326 
sadimentatipn-tank statistics, 337 
sawage works. 327 
kludge disposal at sea, 696-696 
Ellbd, spiral-flow diffusion, 638 
CSsner, SpUlner and Allen, 414 
Elyria, Ohio, activated sludge, 667 

activated-sludge-plant design character¬ 
istics, 662 

aeration period, 601 
carrier for sludge removal, 730 
character of sludge, 673 
deflectors, 641 
floating covers, 423 
gas analysis, 368 
gas production, 367 
moisture in sludge, 33 
oxygen demand, 106 
return sludge, 618 
separate sludge digestion, 7, 420 
separate sludge-tank statistics, 432 
sludge bed, area, 722 
design statiktics, 734 
Emerson, C. A., 436, 740 
gas colleotors, 429 
roofed sludge beds, 728 
Emporium, Pa., tannery-wastes disposal, 821 
Emscher tankb, 417 
Emschergenossensobaft, foaming, 413 
open sludge chanokls* f 19 
rack, 264 0 

triokling filters, 667 
waste grit, 295 
waste weir, 264 


Engineer, 261 

Enoinuring and Coniraetinot 780 
Engineering News^ 17, 189, 644, 714 
Engineering Newa^Eecordt 364, 414, 696, 
630, 666, 714 

English practice, activated sludge, 14-16, 
566 

aeration, 16-16 
air diffusers, 633 
broad irrigation, 2 
detritus tanks, 16 
fine screens, 16 
grit chambers, 16 
mechanical aerators, 15 
paddle wheels, 16 
racks, 16 

sedimentation tanks, 15 
separate sludge digestion, 16 
sewage disposal, 2, 14 
sludge disposal, 16 
stand-by storm-water tanks, 15 
trickling filters, 16, 16 
Knid, Okla., scum control, 413 
Enslow, L. H., 780 

chlorination at Canton, 774 
split chlorination, 774 
Enzymes, 58 
activated sludge, 562 
Epidemics, gastrointestinal, 20 
tyhpoid, 221 
Equalizing tanks. 567 
control of industrial wastes, 593, 824 
Erie, Pa., incineration. 11 
sedimentation tanks, 149, 154 
separate sludge digestion, 7 
sludge beds, 12 

Escanaba, Mich., Dorrco aerators, 609 
Rex Tow-Bro sludge remover, 620 
Escherich, 81 

Essen-Nord, Germany, separate sludge- 
digestion tanks, 7, 433 
ISssmi-Frohnhauser, Germany, separate 
sludge-digestion tank, 4.34 
I’issen-Ilellinghausen, Germany, activated 
sludge, 568 
aeration units, 601 

combined paddle-wheel and diffused-air 
aeration, 626-627 
Fries, 568 

heating by sludge gas, 369 
mechanical aeration, 609 
oxygen adsorption, 602 
removal of cldronomus, 687 
two-etage treatment, 679 
Exeter, Eng., activated-sludge plant, 16 
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Fair, Gordon M., 490 
aquatic organisms, 172 
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Fair, Gordon M., researohee, 14 
Fair and Carlson, 874 
chlorination, 412 
Fair and Moore, 374, 713-714 
formula for fuel value of sludge, 700 
sludge incineration, 700 
thermophilic digestion, 362 
Fales, Almon L., 830 
regulation of discharge of trade wastes, 
827 

sludge-drying experiments, 715 
Fats. 43^4 

aerated grease separating tanks, 299 
clog filters, 68 
decomposition, 60 
derivation in sewage, 77 
in fertiliser, 68, 44 
in sludge, 68, 684 
Miles acid process, 134 
oil and grease removal. 8tj3 
removal by ether, 68l 
results, 113-118 
skimming tanks, 130, 233, 298 
tests, 76, 84 
trouble from. 111 
wool-washing grease, 822 
Fens Basin, Mass., 182 
Ferments, 68 
Ferrosone, 6 

Fertiliser, activated sludge, 11, 28 
analysis, 84, 680 
availability of ingredients, 679 
Baltimore experiments, 683 
Canton, 12 

commercial. 680, 689-693 
cost of production, 759 
crop experiments, 681-684 
crop yields, 236 
Dayton, 12 

direct-oxidation sludge, 11 
dried sludge, 28 

effect of grease content, 44, 235 
fats. 44, 68, 235 
Glasgow, Scotland, 28 
greaseless, 28 
grit, 295 

horse manure, 235 
hygienic considerations, 693 
Imhoff tank sludge, 6, 12 
ingredients in sludges, 676-680 
Marion, Ohio, 12 
Miles acid process, 678 
Milorganife, 12, 759 
nitrogen, 284 

nitrogen balance in sludges, 677-678 ' 

nuclein, 682 

phosphates, 234 

pota^, 234 

prices, 686, 750 

EochooteTf 18 


Fertiliser, Schenectady, 12 
sewage as, 234 

sludge compared with commercial ferti¬ 
liser, 680 

utilisation of sewage, 28 

See alao Sludge, fertiliser value 
Fibrin, composition, 42 
Fidler sludge scraper, 322, 335, 620 
Field, G. W., salinity studies, 179 
Filters, clogging, 13 
fly control, 13 

pooling, relief by chlorination, 780 
sludge, 748 
subsurface, 798 

Filters, mechanical, German practice, 17 
preferred to sludge beds, 14 
United States practice, 14 

See also Sludge drying, mecLanical 
Filters, percolating (see Trickling filters) 
Filters, sand (see Sludge>drying beds) 
Filters, sprinkling (see Trickling filters) 
Filtrable matter, defined, 39 
Filtration, accomplishes oxidation, 69 
Clark and O.'rge, 8 
defined, 236 
Dunbar, 478 

extent in United States, 13 
Hampton doctrine, 478 
oxidation, 135 
principle, 233-234 
sand, 234 
Travis, 478 
varieties, 236 

(See also Trickling filters; Sludge- 
drying beds; etc.) 

Filtros, Inc., 666 

Findlay, Ohio, Hardingc separate sludge- 
digestion tanks, 423 
Fischer, A. J., 435, 597 
grit studies, 292 

scum on sludge-digestion t^nks, 427 
sludge-digest ion-tank overflow, 693 
Fischer and Quimby, 435 
Fish, effect of wastes, 25, 811-812 
Fish ponds, 126 

German practice, 17 
Munich, Germany, 126 
Strasbourg, France, 126 
United States, 126 

Fitchburg, Mass., character of sludge 
produced, 672, 675 
dosing tanks, 619-620, 522 
filter noszles, 484 
final-eedimentation tank, 341, 540 
flushing distributing laterals, 524 
grit chambers, 297 

Imhoff tanks, 300, .388, 894, 401-402, 
409 

laboratory, 86 
lose of head, 585 
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Fitchburg, Maae.. monitor, 290 
operation of sludge beds, 735 
Publio Works Department reports, 400, 

544 

screenings, 274 

sewage analyses, 115 

sewage-treatment works protect river, 21 

siphons, 522 

skimming apparatus, 300, 395 
skimmings, removal, 304 
sludge bed, area, 722 
design statistics, 733 
loading, 721 
sludge lagoons, 699 
trickling-filter walls, 536 
trickling filters, 9, 152, 154, 477, 490- 
500, 541 

water supply, 93 
FiUGerald, Desmond, 231 
Fixation, defined, 46 
Flies, broad irrigation areas, 127, 249 
control,' 13 
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flo«iding filters, 486 
glassed filters, 538 
psychoda alternate, 139, 485, 538 
screenings, 129, 276 
trickling filter, 17, 23, 141, 538, 805 
Hinn, Weston and Bogart, 526 
Flint, Mich., chlorine demand of sewage, 
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Imhoff tanks, 391 
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sludge-bed loading, 721 
sludge beds, 12 
Float observations, 191 
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Foaming, Imhoff tank, 7, 144, 387 
Polwell, A. P., 414 

Fond du Lac, Wis., gas production, 367 
Forbes, dissolved-oxygen studies, 177 
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Fort Worth, dissolved oxygen in river, 189 
gas production, 367 
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prechlorination, 774 
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trickling filters, 495 
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duced, 672-673 
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trickling filter, 641, 543 
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intermittent filters, 152, 154, 437 
sludge bed, area, 722 
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Frank and Fries, 414 
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Froehde, F. H., 414, 436 
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odor control, 779 
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trickling filters, 404 
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collectors, 422-423 
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temperature. 193 
Lake Owasco, observatir ns 200 
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sludge bed, area, 722 
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volume of sewage, 787 
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aerated sedimentation tanks, 327 
aeration for grease removal, 300 
incineration, 11 
separate sludge digestion, 7 
sludge beds, 12, 722 
sludge-blanket test, 614 
sludge digesters, 431 
sludge storage tanks, 8 
Lanphear, H. 8., 385 
Plainfield racks. 256 
sedimentation studies, 102 
septic-tank studies, 380 
Lutighlin, W. C., Dearborn plant, 5 
process, 350 
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chusetts State Hoard of Health) 
Lawrence, Ma.'^s., river pollution. 22 
Lawton, Okla., aeration tank, 601 
Simplex aerator, 625 
Le Prince, J. A.. 189 
stream studies, 172 
Learned, scum control, 413 
Lederer, Arthur, 597 
winter operation, 591 

Lederer and Bachman, sampling error. 106 
I^ederle and Provost, operating an institu¬ 
tional plant, 808 
I.«eds, Eng., burning sludge, 703 
colloidal matter, 104 


Legal aspects of sewage disposal, 23 
T.«bmann, Kelleher, and Buswell, septic 
tank design, 790 

Leicester, Mass., efficieniy of sand filters, 
453 

Leicester, Eng., sewage farm, 240-241 
trickling filters. 16 

Leipzig, Germany, Mieder sludge remover, 
335 

Lemoore, Cal., activated sludge, 675 
biofiocculation, 671 
Simplex aerator, 625 
Lenox, Mass., broad irrigation. 3 
Leonard, C. K., 376 
l^ewis process, 353 

],exington, character of sludge produced, 
672, 675 

utilization of sewage sludge, 688 
Lima, Ohio, activated-sludge plant, 10 
incineration, 11, 303 
separate sludge digestion, 7 
sludge bed, area, 722 
sludge beds, 12 
.sludge conditioning, 581 
.kludge index, 588 
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ties'gn statistics, 733 
I.indloy, W. C., Chicago litigation, 632 
Lindsay, Cal., character of sludge produced, 
672 
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cleaning racks, 257 
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319-320, 322. 326. 334 
sludge-removal mechanisms, 539 
tank statistics, 3.39 
Tark screen, 269 
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sludge, 680 
Liquefaction, 61 
Liquid chlorine. 13 

Liti'tation, New York rs. New .lersey, 187 
patent, 10 
public health, 24 
riparian rights. 23 
stream pollution, 23 
Lodi, Cal., air lift, 616 
Lodi, N. .L, glass-covered sludge bed, 727 
London, Eng., sludge disposal, 694 
Long Heach, Cal., fine screening, 149 
incineration, 11, 278, 370 
screenings, 275 
sludge gas, 370 

Long Island, tjhore pollution, 23 
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concentrating excess aludge, 680 
dechlorination, 560 
Dorrco aerator, 609 
Dorrco screen, 270 
Qoudey’s experiments, 568 
Hyperion plant, 228 
incineration, 278 
outfalls, 228 
reclaiming sewage, 128 
screenings, 275, 303 
separate sludge digestion, 669 
sewage farm, 245 
sewage-field experiments, 106 
sewage, reclamation, 569 
Los Angeles County Sanitary Districts, 
dudge digestion, ,365 
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' Lowell, rivei pollution, 22 
Lubbock, .f'ex., sewage farm, 245 
Lainsden, Roberts, and Stiles, L. R. S. 
^ p<ivy, 785 
Lynn, outfall. 229 

M 
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McConnell, E. G., 282, 374, 435, 630, 666 
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McDonnell, R. E., 713, 808 
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sludge-digestion tanks, 423 
Macerator, 280-281 
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odor control, 779 
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oxygen demand, 106 
trickling filter, 9, 496, 541 
Madison-Chatham, N. J., Imhoff tank 
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Mahlie, W. S., 643 
Mahr and Sterp, 476 ^ , 

contact aerators, 468^-469, 472; 
Makepeace, spiral-flow diffusion, 637 
Mamaroneck, lift, 616 
Downes floating cover,, 423 
sludge disposal, 607 
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666 

aeration studies, .10 ' 4 
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Imhoff tank, 15 
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separate sludge digestion, 16 
sludge disposal, 694 
sludge pipe lines, 707 
spiral-flow tanks, 573. 636-^37 
split-circulation system, 630 
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Mansfield, Ohio, contact beds, 461, 465 
septic-tank statistics, 382 
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w'ater supply, 93 

Marion, Mass., efficiency of sand filters, 453 
Marion, Ohio, glassed sludge beds, 7, 10, 
721 

Imhoff tanks, 401 
oxygen demand, 106 
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sewage analyses, 117 
sludge beds, 12 
area, 722 

design statistics, 734 
loading, 721-722 
utilization, 688, 690 

temperature, of glassed sludge beds, 728 
of sewage, 109 
trickling filters, 541 
Marlborough, Mass., 437 
efficiency of sand filters, 463 
intermittent sand filters, 154, 437, 443- 
444, 446, 460, 464 
sedimentation tanks, 154, 337 
sedimentation-tank statistics, 330 
sludge bed. area, 722 
sludge beds, 723 
Marsh gas, (s«s Methane) 

Marsson, self-purification-of-etream studies, 
170 

Martin. Arthur J.,'506, 666 
formula for pipe bends, 653 
.?rit-cbamber design, 15 
.martial treatment, 571 

Maryland State Board of Health, pH 
standard for effluents, 810 
Massachusetts Institute of Technology, 189 
Massachusetts outfalls, Gloucester, 220 
Lynn, 229 
New Bedford, 229 
South Essex sewerage district, 220 
Swampscott, 220 

Massachusetts State Board of Health, 

' aeration studies, 9 

analyses of sludge and eoke from destruc¬ 
tive distillation, 703 
destructive distillation, 702-703 
dilution studies, 2, 205 
Imhoff tank studies, 6 
intermittent filtration, 3, 8, 572 
Merrimack River VaUey« 22 
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Massachusetts State Board of Health. 
pre>aeration, 671-572 
Reports. 17, 232, 354, 385, 455, 466, 490, 
543, 606 

sand analyses, 438 
septic-tank digestion, 7 
septic-tank studies, 378 
sewage in Boston Harbor, 231 
tannery effluents, 810 
trickling-filter studies, 480, 494, 496 
water supplies, 232 
water supplies and sewerage, 364 
Massillon, Ohio, State Hospital, volume of 
sewage, 787 

Matter, indestructibility of, 61 
Medina River, lake flow into, 245 
Melbourne, Australia, sewage farms, 250 
Menden, Germany, contact aerators, 469 
Mercaptans, 63 
Mercedes, Tex., 5n7 
aeration tanks, 631 
spiral-flow diffusion, 638 
Merrimack River Valley, ISO 
dissolvedroxygen content. 180 
Goodnough’s investigation, 207 
sewage-disposal studies, 22 
Methane, 52 
Methylene-blue test, 66 
Metropolitan Paving Brick Company, floor 
system, 533 

Metropolitan Water Board, London, Eng., 
189 

Miami River, 152 
Microscopic organisms, groups, 65 
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Middlesex County, Eng., Mogden activated- 
sludge plant, 16 
separate sludge digestion, 16 
Middletown, N. Y., Downes floating covers, 
423 

screens, 274 
Midwest air filter, 661 
Mieder, Elisabeth. N. J., tanks, 326 
Leipiig, Germany, 335 
sludge and scum collector, 336 
«i1udge remover, 320, 322, 326, 335 
tank BtatisticM, 339 
Miles acid process, 132, 134 
analysis of sludge, 685 
Boston, 678 
New Haven, 678 
nitrogen content of sludge, 678 
removal of fats, 685 

Milford, Mass., intermittent sand filters, 
437, 453 

Miller-Koller process, 358 
Millville, N. J., chlorine dose, 772 
MUorganite, 12, 692 
cost of production and sale, 6 


Milwaukee, acid wastes, 809 
activated sludge, 10, 12, 157, 562, 565. 
670 

active ted-sludge-plant design character¬ 
istics, 662 

aeration period, 599 

aeration tanks, 640 

air compressors, 659 

air consumption in aeration tanks, 605 

air-diffuser system, 633 

air piping in aeration t|nk8, 649 

air washers, 660 

analyses of sewage and effluents, 594 
belt conveyors, 704 
centrifuging, 11, 146, 277, 693 
character of sludge, 673 
chloride distributor in lake, 203 
collecting troughs, 621 
cr>st sludge dewatering and drying 
plant, 761 

crop experiments, 682 
dewatering screenings, 11-12 
digestion, 269 

disintegration of sewer, 810 
early difficulties, 634 
experimental plant, 29 
fertilizer, 29 

Filtros-plate cleaning, 647 
Filtros-plate clogging, 647 
final-sedimentation tanks, 619 
flushing sewers, 229 
gas analysis, 368 
gases from driers, 759 
heat exchanger, 425 
heat-transfer efficiency, 426 
Heisig, 587 
incineration, 130 
industrial wastes, 110 
inverse sludge index, 589 
investigations, 202 
litigation, 10, 632 
map, 230 

marketing of sludge, 687 
Milorganite production, 12, 692, 759 
multiple collecting troughs, 621 
nitrogen losses, 678 
objectionable gases, 23 
oil cleaners, 661 
oxygen demand, 106 
plate containers, 648 
prefiltration of sludge, 741 
protozoa in sludge, 586 
pumping sludge, 616 

quantity of air required by diffused-air 
system, 604 

results of activated-sludge treatment, 
592, 594 

sale of fertiliser, 759 
screenings, 275, 279 > 
seiches, 201 
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Milwaukee, separate sludge digestion, 419 
sewage analyses, 113 
sludge as fertiliser, 692 
sludge conditioning, 681 
sludge conveyors, 704 
sludge dewatering, 11-12, 750 
sludge digestion, 589 
sludge drying, 769 
sludge index, 588 

sludge pretreatment with lime, 742, 746 
standard for ef uent, 595 
Tark, 270, 281 

Tow-Bro sludge removers, 820-621 
utilisation of sludge, 688 
vacuum filters, 752 
volume of sludge, 705 
wave action, 200, 202 

Milwaukee Sewerage Commission, 505-507, 
630, 666, 761 

Mineral matter, chlorine demand, 760 
oxidisable matters, 769 
removal, detritus tanks, 131 
grit chamber, 130 
m sewage, 47, 49, 78 

Minneapolis-St. Paul Metropolitan Drain¬ 
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chemical precipitation, 350 
Mississippi Elver, 181, 184 
Illinois River. 230 
Publm Health Service studies, 185 
sewage discharge into, 22 
Missouri River, 184 
MitcheU, Ga., 235-236, 260-251 
distributor outlet, 238 
sewage-farm loadings, 240 
Mogden, Eng., activated-sludge plant, 16 
Mohenjodaro sewerage, 1 
Mohlman, F. W., 354, 697, 761 
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filter-press, tests, 752 
sludge index, 589 
Mohlman and Edwards, 761 
sludge conditioning, 746 
Mohlman and Palmer, 761 
ferric salts for pretreatment of sludge, 748 
Mohlman and Wheeler, 596, 630, 666 
diffused air, mechanical aeration, 607, 606 
diffused-air tests on corn-products wastes, 
639 

two-stage process, 579 
Monitors, 289 

Monroe, discharge of paper-mill wastes, 812 
Montgomery and Phelps, discharge of 
storm water into streams, 24 
Monthly Weather Reristc, 23l 
Moon Island outfall, 1220 
Morgan and Beck, 596 ‘ 

Morgan’s, Ohio, Institute for •I'eeble 
Minded, volume of sewage. 787 


Morrill, solution of Fritssche formula, 650 
Morris Plains, N. J., screenings, 274 
Morristown, N. J., chlorine dose, 772 
contact beds, 461-462, 465 
intermittent filters, 454, 457 
Morse and Eddy, dilution studies, 206 
Mosquitoes, 172 
Culex, 172 

Mount Kisoo, septic-tank statistics, 382 
Mount Vernon, N. Y., covered filters, 538 
Muddy River, 182 
Munday, Tex., distribution, 238 
Munich, Germany, fish ponds, 126 
Municipal Saniiationt 630 
Muskegon, Dorroo aerators, 609 

N 

Nasmith and McKay, crop experiments, 682 
Natick, Mass., intermittent filters, 450, 453 
National Aluminate Corporation, chemical 
precipitation patent, 343 
Neave and Buswell, 713 
sludge studies, 677, 685 
Nelson, F. G., 544 
nozzle, 512 

Neponset River, Mass., industrial-wastes 
pollution, 812 

regulation of wastes discharge, 827 
Neponset River Act, 816 
Nesslerization, 76 

New Bedford, Mass., intercepter, 49 
outfall, 229 

New Britain, Conn., acidulation of sludge, 
756 

character of sludge produced, 672-673 
Riensch-Wurl screen, 271 
screenings, 275 

New England Sewage Works Association, 
626 

sewage-treatment-plant operating records, 
834 

N w Haven, ether soluble content, 685-686 
experimental plant, 29 
Inihoff tank sludge, 674 
industrial wastes, ill 
Miles acid process, 678 
rack rake, 260 
sludge disposal at sea, 696 
New Jersey, coastal pollution, 23 
sludge index, 588 

New Jersey Agricultural Experiment Sta¬ 
tion, 374, 415, 490 
researches, 14 

Rudolfs on crusting of coils, 427 
supervision of operation, 807 
New York Bay, pollution, 220 
New York Board of Estimate and Ap¬ 
portionment, 666 
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New York City, activated-eludge plant. 
15^167, 668 

activatednsludge-plant design charac¬ 
teristics, 662 
aeration period, 699 
diffuser-plate permeability, 643 
disk screens, 267, 270 
final-sedimentation tanks, 326 
incineration, 278 

primary-sedimeptation tanks. 326 
Rex screen 270-271 
Riensch-Wurl screen, 271 
screenings, 276 
sludge disposal at sea, 69 i 
standard for effluents. 596 
Wards Island plant, 167, 326 
New York harbor, dissolved oxygei;, 188 
Donaldson study, 23 
Passaic Valley outfall, '2‘I 
pollution, 23, T87 

New York Metropolitan Sewerai»:e Commis¬ 
sion, 713 

dilution studies, 207 
dissolvod-oxygen results, 188 
rtoat observations, 101 
paper in sew'age, 94 
re-aeration studies, 178 
report, 68 

sewage-constituents study, 30 
typhoid studies, 174 

New York State Conservation Commission, 
189 

New York State Department of Health, 
chlorine-dosage requirements, 772 
New York rs. New Jersey, pollution suit, 187 
Newark, N. J., disposal by dilution, 27 
Dorr CO aerator, 609 
gas utilization, 371-372 
joint trunk sewers, 27 
sedimentation-tank statistics, 337 
sedimentation tanks, 140, 151 
Newton, Kan., scum control, 413 
Newton, N. J., dosing apparatus, 664 
Nitrates, fertilizing value, 234 
plant food, 46 
reduction, 
results, 113-118 
tests, 76 

Nitrites in sewage, 48 
results. 113-118 
tests, 76 

Nitrification, defined, 46, 61 
Nitrogen, activated sludge, 689-691, 677- 
678 

albuminoid, 76 
ammonia, 76 

available in sludge, 678-680 
balance, 689-690, 677 
comparative analyses, 93 
content of sludges, 679 


Nitrogen, cycle, 46, 662 
derivation in sewage, 76 
fertilizer value, 234 
in industrial wastet, 111 
losses in sludge, 678 
Miles acid-process sludge, 678 
organic, 76 
results, 113 
in sewage, 45-47, 63 
in sludge. 68 
tests, 76 

Norfolk County Hospital, Braintree, Mass., 
intermittent filters, 803 
sewage-disposal plant, 804 
North Attleboro, Mass., dosing apparatus. 
662-663 

intermittent sand filters, 444, 463 
North Chicago, Ill., Hardinge separate 
sludge-digestion tanks, 423 
North 'J oronto, Ont., aeration tanks, 641 
air diffusers, 638 
deflectors, 641 

float actuated valves on separate sludge 
tanks, 130 
gas production, 367 
gas utilization, 372 
moisture in sludge, 331 
oil cleaners, 661 
piping connections, 429. 
skimming nozzles, 301 
sludge-bed operation, 737 
sludge-drying beds, 716 
storm-water stand-by tanks, 305 
Northbridge, Mass., efficiency of sand 
filters, 463 

Norton Company, Alunduzr plate diffusers, 
632, 644-646 

Norwood, Mass., efficiency of sand filters, 
463 

Nottingham, Eng., analyses of sewage and 
effluents, 248 

dosing sewage farms, 246-241 
sedimentation tanks, 14 

O 

Oakdale, Mass., County Truant School, 
volume of sewage, 787 
O'Brien, W. S., 308, 696 
sludge conditioning, 681 
O’Connell, W. J.. Jr., 780 
odor elimination, 774 
Ocean City, N. J., chlorine dose, 772 
Odors, activated-eludge plants, 141 
buried screenings, 129 
chlorination, 13, 141, 146, 769, 762. 769- 
770, 778-779 
cost of control, 780 
deodorising effect of chlorine, 769-770 
deodorizing principle, 136 • 
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Odors* determination, 74 
^minated at Plainfield* 774 
fresh sewage* 63 
glassed sludge beds, 145 
incinerator* 146 
intM'mittent sand filters* 455 
lagoons, 233* 276 
rakings* 255 
Schenectady* 485 
septic sewage* 53 
septic tanks* 23 
sewage farms* 17 
sewage test, 34 
sewage-treatment plants, 23 
sludge digestion, 35G 
sludge dumps, 23 
sludge tests* 74 
trickling filters* 139, 484* 805 
(See also Gases) 

Ohio Conference on Sewage Treatment, 354 
Ohio Department of Health, Travers-marl 
proces-*. 362 

Ohio General Assembly Ordinance, wastes 
disposal* 815 

Ohio R»ver, dilation studies, 2 

interntate Stream Conservation Agree¬ 
ment, 26 
re-aeration, 165 
V'iwage discharge into, 22 
source of water supply, 22 
tTnited States Public Health studies, 174, 
185 

velocities, 169 

Ohio Sewer Rental I^aw, 8^12 
Oil (eee Fata) 

Oil cleaners, 661 

Ontario State Board of Health, 713 
Operating records, 70 

Orange County, Cal., application of chlo> 
line, 773 

Orbison, heat drying of sludge, 757-758 
re-aeration, 5&3 
Oriflo meter, 652 . 

O’Shaugbneesy* F. R., 506 
colloidal matter, 104 
partial treatment, 573 
O’Shaughneesy and Whitehead, 8epti<;-tank 
studies, 15 

Osmosis* Kayser studies, 178 
Oswestry, Eng.* percentage of removal by 
sedimentation tanks, 338 
Outfalls, lake, 196-200, 222 
Clevelandi* 224 
currents. 196 
Rochester, 222 
temperature, 196 
use in United Stater^ cities, 222 
^tfalla* ocean, Boston. 225-227 
' Brooldyn* 222 
. float obsewations, 191 


Outfalls, ocean, Los Angeles, 228 
Massachusetts, 229 
Passaic Valley, 227 
8taten Island, 222 < 

use in United States cities, 222 
Outfalls, river, 222 
Ijouisville, 222 
Minneapolis, 222 
New York, 222 

use in United States pities, 222 
IVashington, 222-224 
Winnipeg, 222 
Outlets, Boston, 226-227 
Cleveland, 224 
Deer Island, 227 
location, 222 
Ia)s Angeles, 228 
Massachusetts, 229 
Moon Island, 226 
Passaic Valley sewer, 227 
Peddocks Island, 227 
W'ashington, D. C., 223-224 
Owen, M. B., 354 
Oxidation, bacterial, 775 
defined, 45, 61 
intermittent filters, 136 
methods, 128 

methods of actoiuplishmeat, 69 
process for industrial-wastes treatment, 
826 

Oxygen, absorption, 52, 124 
ad8t>rptiou by fiot;, 602 
in air, 49 

atmospheric re-oeration, 163 
B.O.D. reduction, 575 
bacterial demand, 62, 123 
balance, 162, 215 
consumed, analyses, 93, 104-165 
increase due to wastes, 110 
industrial wastes. 111 
results, 113-1’8 
tests, 76 

d nnand of sewage, 63, 100, 204, 208-210, 
212 

liberated by plants, 46 
relative stability. 66 
requirements, aeration tanks, 602 
decompttsing sewage, 65 
fresh sewage, 63 
sag, 165-166 

.solubility in water, 50-51 
supply, 213 

(See also Dissolved Oxygen) 

P 

pH control, 53 

Brockton sludge digestion, 363 
Clark on, 87 
hydrogenion twt, 78 
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pH oontrol, Imhoff tank sludge, 7 
standard for effluents, 810 
Pacific Flush Tank Company, Catalog 
No. 30. 544 

Downes floating cover, 422 
formula for dosing tank noxzles, 611-512, 
614, 517-520, 622 
sludge digestion patent, 362 
twin dosing tank, 549 
Palmer, Illinois River studiws 183 
Palmer and Smith, inverse sludge index, 589 
Paris, France, analyses of sewage and 
effluents, 248 
sewage farm, 243 
Parker, P. a. M., 505 
coagulation, 661 
Parsons, A. S., 595 
activated sludge, 503 
Parsons and Wilson, 596, OhO, 066 
activated sludge. 576 
* clarification, 564 

fill~and-draw tanks, 640 
Parsons, Kan., screenings, 274 
Pasadena, activated-sludge plant, 10, 12, 
570 

activated-sludge tank-design charac¬ 
teristics, 664 
aeration period, 601 
analyses of sewage and effluents, 594 
broad irrigation, 243 
character of sludge, 673 
chlorination, 776 

cost of sludge dewatering and drying, 760 
fertiliser, 29 

Filtros plate clogging, 647 
marketing sludge, 687 
objectionable gases, 23 
oil cleaners, 661 
oxygen demand, 106 
plate permeability, 643 
re-aeration of return sludge, 583 
re-aeration units, 661 
Ruggles Coles drier, 757 
screenings, 275 

sewage-farm loadings, 240, 247 
skimming tank. 300 
sludge, digestion, 587 
disposal, 12 
driers, 23 
fertiliser, 692-693 
index, 588 
lagooning, 690 
prefiltration, 741 

Passaio River, industrial-wastes pollution, 
818 

Passaio Valley, outlets, 227 
sludge disposal at sea, 11, 147, 695-696 
Pasteur, Louis, classification of bacteria, 8 
Patent litigation. Activated Sludge, Inc., 10 


Pawtucket, acid wastes, 800 
disintegration of sewers, 809 
sewage analyses, 116 
Pearse, Langdon, 718, 761 
ether soluble fate 684 
Guggenheim process, 352 
industrial-wastes report, 40 
screening studies, 272 
sedimentation-tank bottom slopes. 620 
sludge flotation, 755 
sludge presses, 751 

Pearse and Mohlman, crop experiments, 682 
fuel value of sewage solids, 700 
nitrogen balance, 590 
nitrogen content of sludge, 677 
sludge digestion, 589 
sludge re-aeration, 582 
Pecker, J. S., 761 
Peoria, 111., activated sludge, 10 
air consumption in aeration tanks, 605 
analyses of sewage and effluents, 594 
cost of operating activated-sludge plant. 

836 

gas analysis. 368 
gas production, 367 
gas removal, 430 
heating by sludge gas, 369 
Kraus, 589 

Link-Belt grit collector, 289 
moisture in sludge, 331 
preliminary-sedimentation tanks, 11 
results of activated-sludge treatment, 594 
separate sludge digestion, 7, 419-420 
separate sludge-digestion-tank statistics. 

432, 435 

sludge, character, 673 
index, 588 
inverse index, 589 
sludge beds, 12 
area, 722 
loadings, 723 
sludge digestion, 365-366 
Pennsylvania, tannery-wastes disposal 
committee, 821 

Perth Amboy, N. J., Laughlin process, 350- 
351 

Phelps, Earle B., 68 
brushwood filters, 493 
chlorination, 13 
dilution studies, 206 
oxygen absorption of waters, 178 
reference, 68 

storm-water discharge into streams, 24 
Philadelphia, albuminoid ammonia, 104 
butterfly valve, 556 • 

character of sludge produced, 672 
colloidal matter, 104 
experimental plant, 29 
Imhoff tank, 7 
lagooning, 698 
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Philadelphia, oxygen oonsumed, 104 
oxygen demand, 106 
Report Bureau of Surveys, 120 
Schuylkill River, 180 
sewage analyses, 113 
Sewage Experiment Station, 328 
sludge beds, 12 
area, 722 

design statistics, 733 
trickling filter, 9 

Philadelphia Bureau of Surveys, 342 
Phillipsburg, N. J., sedimentation tank, 317 
Phoenix, Aris., Dorrco aerators, 600 
Phosphate, fertiliser value, 234 
Phosphorus, in sewage, 40 
in sludge, 68 

Photosynthesis defined, 46 
Piatt, plate containers, 648 
Pick^SB and Ross, 284 
Piston method, 223 

Pittsfield, efficiency of sand filters, 453 
intermit ‘ ent sand filters, 454 
sewage analyses, 116 
dudge beds. 723 
aiea, 722 

sludge pipe lines, 707 
sludge pumps, 712 
..Plainfield, chlorination, 774 
trusting of coils, 426 
Dowt'.es floating cover, 422 
ether soluble content of sludge, 685 
flotation, 146, 756 
gas analysis, 368 
gas production, 367 
nitrogen content of fresh solids, 078 
odor elimination, 774 
screenings, 274-276 
septic-tank experiments, 380 
sludge-drying beds, 717 
trickling filter, 482 
Plankton, 59 
defined, 55 

fresh and salt water, 178 
outline of plant groups, 56 
supply oxygen, 123 
Pleasantville, N. J., screenings, 275 
Tark screen, 271 

Pleasantville, N. Y., Hebrew Cbildrer's 
Home, volume of sewage, 787 
Plymouth, distributors, 506 
Point Judith Pond, 179 
Polarite, 5 

Pollution of water, chlorine index, 47 
defined, 17 
observed, 182 

(See (Uio New Yor^ harbor, etc.) 
Pomona, Cal., activated ilud^, ^7 
activated-sludge-tanks design character¬ 
istics, 664 * 

ImhofT tanka, 404 


Pomona, Cal., sewage farm, 235-^236, 245 
Pontiac, revolving distributors, 506 
screenings, 274 
trickling filter, 542 
Population, equivalent, 25 

utilizing methods of treatment, 13 
Portage River, Ohio, industrial wastes 
pollution, 812 

Potash, fertilizer value, 234 
Potomac River, currents, 223 
float survey, 223 
Hering, Gray and Stearns, 223 
observations on fiats, 170 
studies, 185 
Washington outlet, 224 
Potter, Alexander, 544, 714 
Springfield nozzle, 510 
Potts, Clyde, Greenwich septic tank plant, 
383 

Pottstown, Hardinge .separate sludge- 
digestion tanks, 423 

Pratt, 11. W'., Cleveland .sewage*!reatment 
plants, 27 

Pratt and Gascoigne, 597, 713 
winter operation 591 

Precipitants, {Sev Chemiral. preripitation; 
Sedimentation) 

Prescott and Winslow, bottles for sampling, 
79 

Preservatives, 71, 80 

Presque Isle, Maine, sludge-drying beds, 724 
Press, dewatering screenings, 276-277 
Pressing, screenings, 11 
Pressure filters, 145 
Chamber type, 145 
leaf-filter press, 145 
Princeton, Til., 601 
Simplex aerator, 625 
Privies, b«>x and can, 782-783 
cantonment type, 785 
capacity, 787 
caustic soda, 780 
themical closets, 786 
■exclusion of flies, 784 
L.R.S. type, 785 
neglected, 22 
phenol compounds, 786 
pit, 784 

scavenging, 783 
septic, 785 

Tennessee State Department of Health, 
784 

Texas type. 785 
vault, 785 

Proteins, Buswell’s conclusion. 42 
composition, 42 
Protozoa, classified, 57 
Providence, activated-sludge plant, 343 
design characteristics, 664 
albuminoid ammonia, 101 



INDEX 


873 


Providence, chamber-filter prew. 740 
chemical-precipitation plant, 343, 340 
Dorr detritor, 280 
Report of City Engineer, 120 
Hettling Bolide in sewage, 101 
sludge from chlorinated sewage, 674 
sludge disposal, 604 * 

at sea, 147 

Prass, Gelsenkirchen sludge-digestion tank, 
433 

separate sludge-tank roofs, 423 
Psychoda alternata, 130 
Public Health, aspects of farming, 247 
laws, 24 

Public Works, 232. 414, 476, 400, 644, 
780-781, 808 

Pullman, Ill., broad irrigation, 3 
sewage farm, 245 

Pumping sludge. 405, 616-6:)0, 712 
Purdue University Expet iment Station 
* nossle studies, 514 
Putnam process, 353 
Putrefaction, 61-63 

Q 

Queer, E. R., 435 
heating coils. 426 

R 

Racks, 120. 252, 264 
area, 254 
basket type, 256 
box type, 257 
Hrunotte, 264-265. 281 
cage type, 11, 260 
Calf Pasture pumping station, 260 
Chicago screens, 250 
cleaning equipment, 257 
Dorrco bar screen, 258-269 
duplication, 258 
English practice, 15 
European types, 264-265 
fixed. 254-260 
Frankfort type, 265 
Geiger, 265 
German practice, 256 
hand cleaned, 257, 260, 276 
industrial-wastes treatment, 826 
Link-Belt rake, 250 
location, 254 

machine cleaned, 258-265, 276 
movable, 266. 260. 264 
New Haven rake. 260 
omission, 255 
Plainfield, 256 

preceding activated sludge, 567 
preliminary to aeration, 140 
provision of, 10 


Racks, rake, 250 
Takings, 255, 273-274 
shovel-vane type, 265 
sise of openings, 253, 255 
slope, 256 
stationary, 11, 256 

Ward Street pumping .‘Station, 261-263 
wing type, 265 

Rafter rnd Baker, "Sewage Disposal in the 
United States." 120 
Rain waLer, contamination by, 21 
Raisin River, Mich., industrial-wastes 
pollution, 812 

Raleigh, Guggenheim process, 352 
Rate controllers, 618 
Rauch, Dr., dilution studies, 206 
Ravenel, M. P., 830 
Rawn, A. M., 282, 374 
digestion of screenings, 280 
Rawn and Palmer, 231 
sewage-field experiments. 196 
Reading, character of sludge prodiic^ed, 672 
pressing screenings, 277 
screenings, 274- 275 
septic-tank stati.stics, 382 
sludge disposal, 690 
trickling filter, 9 
Weand screen, 11 
Weand valve, 566 

Re-aeration tanks, design characteristics, 
629 

{See alHo Aeration) 

"Reasonable" use of waters, 23 
Reddie, J. A., 697 
nitrogen balance, 590 
Reduction, defined, 45 
Reinke, E. A., 414 
Pomona Imhoff tanks, 404 
Relative stability, 66 
Reservoirs, for sewage dilution. £21 
impounding, 125 
German, 17, 125 
river-clarifying basins, 221 
Residential sewage treatment, cesspools, 788 
area, 788-789 
leaching, 788 
tandem arrangement, 788 
disinfection, 807 
dosing tanks, 794, 800 
grease traps, 801-802 
Imhoff tanks, 793 
intermittent sand filters, 802-80B 
kitchen wastes, grease trap, 802 
privies, 782 

bos and can, 782-783 
caustic soda, 786 
ohemioal oloseta, 786 
exclusion of flies, 784 
L.R.S. type, 785 
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Kesideiitial sewage ireetmentt privies, 
phenol compounds, 780 
pit, 784 
screening, 783 
septic, 785 

Tennessee State Department of Health 
type, 784 
Texas type, 785 
vault, 785 
septic tanks, 790 
design, 790-791 
for farms, 790 
sins^e-story, 790 
two^tory, 793 
setUing tan^, 799 
siudge-drsring beds, 793 
stable, 799 

subsuHaoe irrigation, 792, 794, 798, 800 
tiW distributors, 794 
trickling filters, 805 
volume of sewage, 787-788, 790-791 
(Se« Oiio Institutional) 

Kespiration, defined, 46 
Hex Tow-Bro sludge remover, 620-621 
Kid^arcis and Sawyer, 597 
nitrogen balance, 590 

, Biohardson, dissolved-oxygen studies, 177 
Ridenoiu*, G. M., 808 
New Jwsey sewage-treatment plant, 807 
Ridenotir and Henderson, 596 
return sludge, 582 

Bidgewood, N. J., overflow liquor, 428 
scum, 427 
Biker, Russell, 808 
grease traps, 801 
Biney, W. A., 251 
Riparian rights, 23 
River-olorifying basins, 221 
Rochester, Minn., Simplex aerator, 626 
Rochester, N, Y., bacterial content of 
sewage, 107 

bathing beach study, 218-219 
character of grit, 293 
character of sludge produced, 672, 675 
crane for sludge removal, 730 
grit chambers, 286, 290, 292, 297-298 
Imhoff tank, 7 
oxygen demand, 106 
quantity of grit, 293 
Riensch-Wurl screens, 11, 267, 27(>-27l 
screenings, 275-276 
sewage analyses, 113 
sewage path, 199 
sludge, 12 
sludge beds, 12 
area, 722 
construction, 723 
design statistics, 733 


Rochester, N. Y., sludge beds, loading, 
721 

sludge lagoons, 699 
temperature, 109 
trickling filter, 541 
utilisation of sludge, 688-689 
Rockefeller Foundation, 714 
researches, 14 

Rockville Center, gas collection, 7 
gas utilisation, 371-372 
vacuum filters, 570 
Roe, F, C., 666 

aeration-tank experiments, 641 
Rome, N. Y., sewage analyses, 117 
Roof water, defined, 89 
excluded, 90 
industrial wastes, 824 
Rossi, F. J., 251 

Royal Commission on Rivers Pollution, 17, 
189, 247 

Royal Commission on Sewage Disposal, 
242-243, 261, 307, 466 
standards, 204 

Rudolfs, Willem, 282, 374, 714 
chemical-precipitation patent, 343 
crusting of coils, 427 
ether soluble content of sludge, 685 
foaming control, 413 
fuel value of sewage solids, 700 
Milwaukee activated-sludge tests, 419 
nitrogen content of sludges, 678 
screenings, 280 
seeding, 411 

sludge digestion, 359-360 
researches, 14 
Rudolfs and Cleary, 761 
spray drying of sludge, 766 
Rudolfs, Dowues, and Campbell, sludge 
beds, 717 

Rudolfs and Heisig. 435, 678. 713 
grease content of sludge, 685 
Rudolfs and Peterson, trickling-fiHer studies, 
482 

T«ugby, £ng., sewage farm, 240-241 
Ruhr district, foaming unknown, 413 
grease-separating tanks, 300 
Ruhr River, impounding reservoirs, 17, 125 
Rumsey, J. R., 713 
fuel value of sewage solids, 700 
Ryan, W. A., 713 
sale of sewage sludge, 689 
Ryon, Henry, 808 
cesspools, 788-789 

S 

Sacramento, noisle, 512 
Saint Petersburg, Bninotte rack, 264*26ik 
281 
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Saint Thomaa, Ont., quantity and character 
of grit, 293 

Salem, Ohio, gaa production. 367 
grit studies, 292 
overflow liquor disposal, 429 
sedimentation-tank statistics, 339 
separate sludge-tank statistics, 432 
sludge-digestion-tank overflow liquor. 693 
Salinas, Cal., sludge index, 688 
Salinity observations, 193 
Saltley (see Birmingham) 

Samples, collection, 70-71, 79 
preservation, 71 
Rochester Bay, 218-219 
San Antonio, activated-sludge plant. 10 
activated-sludge-tanks design character¬ 
istics, 664 

aerated sedimentation tanka, 327 
air consumption in aeration t^iiiks. 60.5 
analyses of sewage and eflTtuents, 694 
character of sludge. 673 
cost of operating activated-sludge plant. 
836 

moisture in sludge, .331 
results of activated-sludge treatment. 
692, 694 

sewage farm, 246 
skimmings tanks, 300 
sludge beds, design statistics. 733 
index, 688 
loading. 721, 723 
operation, 738 
sludge-digestion tanks, 420 
San Antonio River, lake-flow into, 245 
San Bernardino, carriers for sludge removal. 
731 

final-sedimentation tank, 640 
gas vents, 407 
trickling filter, 9, 642 
San Diego, tidal prism, 196 
San Francisco, tidal prism, 196 
San Luis Obispo, sewage-farm loadings, 
240 

San Marcos, Tex., air-diffuser system, 633 
air lift, 616 

final-sedimentation tanks, 620 
sludge disposal, 697 
sludge lagoons, 699 
Sanborn. M. F., 232 
wave studies, 200 

Sanborn Company, thermophone, 196 
Sand, analysis, 438 
desirable sise, 439 
Haien’s formula, 439 
hydraulics of filtration, 439 
intermittent filters, 438 
Sand, washing, 461 

Sandushy, Ohio, Soldiers’ and Sailots* 
Home, volume of sewage. 787 


Sands. E. £., activated-sludge studies, 10 
quantity of air required for aeration, 604 
Saratoga Springs, septic tank, 6, 380, 382 
Saunders, W. L., 666 
Savannah, tidal prism, 196 
Sayers, R. R., 376 
Schaetsle, T. C., 713 
Schenectady, loss of head. 636 
odor control, 486 
prechlorination, 774 
sale of sludge to farmers, 690 
sludge, 12 
sludge beds, 12 
loading, 721 
sludge lagoons, 699 
sludge utilization, 688 
temperature, 109, 400 
trickling filters, 483 
cost of operating, 836 

Schenectady Bureau of Sewage Disposal, 
713 

Schloesing and MQntz Report, 3 
Scioto River, effluent from Circleville plant. 
362 

Scotland, seiche observations, 201 
Scott, odor control at Macon, 779 
Scott-Darcey process, 353 
Screening, bacterial removal, 775 
Barrington, N. J., 22 
devices, 263 
efficiency, 270 
fine, Bridgeport, Conn., 149 
extent in United States, 13 
German practice, 16 
Long Beach, Cal., 149 
fine and coarse, 263 
object, 69, 129, 252 
Screenings, Akron, 276 
Allentown, Pa., 279 
Atlanta, 274 
Aurora, Ill., 274 
Baltimore, 277-278, 280 
Blackwell, Okla., 274 
Bloomington, Ill., 274 
Boston, 274, 277 
Brockton, Mass., 276, 277 
burial, 129 
Canton, Ohio, 274 
centrifuging, 11 
character, 273 
Charlotte, N. C., 274 
Cleveland, 274, 277 
Columbus, 274 
Dayton, 278-279 
dewatering, 11 
DeKalb, 272 
dispoeal, 129-180 
Durham. N. C.. 2T4 
Elgin. HI.. 274 
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Screeniiigs, Fitchburg, 274 
flies, 130 
grindiiig, 130 
High Point, 274 
•incineration, 11, 130 
Long Beach, Cal., 278>279 
Loe Angeles, 276, 278 
Marion, Ohio, 274 
Middletown, N. Y., 274 
Milwaukee, 276, 277, 279 
Monia Plains, N. J., 274 
New Britain, Conn., 276 
New York, 276 
Parsons, Kan., 274 
Pasadena, 276 
Pontiac, 274 
pressing, 11, 270-277 
quantity, 273-276 
Reading, 274-276, 277 
removal, 271-276 
Rochester, N. Y., 275 
Sche')ectady, 274 
snredding, 280-281 
South Yonkers, N. Y., 278 
^ S:^'racuae, 274, 280 
Toronto, Out,, 274 
Trenton, 274 

XJrbana>Champaign, 111., 274 
Washington, D. C., 274 
Worcester, 274 
Screens, coarse (»ee Racks) 
Screens, fine, Akron, 281 
area submerged openings, 266 
Aurora, Ill., 281 
Baltimore, 267, 279-281 
band screens, 270 
Brockton, 267 
burial, 276 
centrifuges, 277 
Chicago, 272 
Cleveland, 271 
cost, 280-281 
Dayton, 276, 279 
development, 11 
dewatering, 276 
digestion, 279 
disadvantages, 668 
dish, 267 
disposal, 276 
Dorrco, 11, 266-271, 281 
drum, 267, 281 
duplication, 262 
ejectors, 276-277 
European, 273 
flies, 120, 276 
garbage, 70, 270 ^ 
hydro<«ctraotor, 27t 
indneratton, 278 
industrtel^wastes treatment, 826 


Screens, fine, Link-Bolt, 11 
Long Beach, Cal., 281 
Los Angeles, 270 
macerator, 280-281 
mechanically cleaned, 265, 276 
media, 266 
mesh, 265, 270 
odors, 273, 276 
operating costs, 281 
plates, 265, 270 
Pleasantville, N. J., 271 
power cost, 281 

preceding activated sludge, 667 
preliminary to aeration, 140 
pretreatment for activated-sludge process. 

666 

Reading, 11, 267, 277 
removal of screenings, 266-280 
Rex, 11 

Riensch-Wurl, 11, 266-267, 270-271 

Rochester, N. Y., 267, 270-271 

self-cleaning, 266 

sise of openings, 253-265 

suspended solid** removed, 566 

Tark, 266, 269-271, 281 

Tenafly, N. J., 281 

types, 266-270 

Weand, 11, 277 

Wurl, 266 

Scum, foaming, 7, 144 
Imhoff tanks, 144 
septic tank, 6 
skimming tanks, 130 
Bcum boards, 328 
skimming tanks, 299 
Seattle, tidal prism, 196 
Seddon, J. A., 342 
Sedimentation, 132 
bacterial removal, 775 
Barrington, N. J., 22 
Clifton, Eng., 338 
conical ghuis determination, 103 
Dayton, 149, 151, 152 
defined, 309 
development .. 4 
effluents, 204 
English practice, 14-15 
Erie, 149 

extent in United States, 13 
Fitchburg, 162 
German practice, 16 
Hasen’s subsidence formula, 311 
Hasen's theory, 312-316 
hydraulic subsiding value, 311 
Imhoff tank, 6, 132, 134 
limitations of Hasen’s theory, 315 
Miles acid process, 132 
Newark, 146, 161 
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Sedimentation, Nottingham, £ng., 14 
Oswestry, Eng., 338 
percentage removal, 338 
preceding activated sludge, 567 
principles, 310 
purpose, 60, 310 
putrescibility, 128 
septic tank, 5 
sludge production, 669 
Solvay Process Co., 149 
Stokes’ law, 310 
Syracuse, 149-160 
temperature influence, 312, 318 
tendency to use, 13 
theories, 310 
in waters, 123 
Worcester results, 103 

Sedimentation tanks, horisuntal flow, 
Antigo, Wis., 339 
area, 325 
Arrangement, 323 
Aurora, 111., 339 
Boonton, N. J., 339 
bottom slopes, 329 
Charlotte, 339 
Chicago, 337, 339 
cleaning, 322 
design, 322-323, 337-339 
detention periods, 323 
dimensions, 325 
Dorr, 339 

Dortmund, 16 * 

flat bottom, 339 
Fostoria, Ohio, 339 
freeboard, 336 
hopper bottom, 339 
inlets, 326 

Joint Meeting, N. J., 339 
Lakewood, N. J., 339 
Link-Belt, 339 
Marlborough, Mass., 339 
Mieder, 339 

Newark-Passaic plant, 339 
number of tanks, 323 
North Toronto, Ont., 339 
object, 321 
outlets, 320 
roofs, 336 
Salem, Ohio, 339 
sludge removal, 620 
sludge removal equipment, 322 
sludge storage, 324, 331-332 
Syracuse, 324, 339 
velocities, 325 

S<Kliraentation tanks, plain, 132 
area, 326 
baffles, 328 
bottom slopes, 329 
velocities, 316 
Chicago, 133 


Sedimentation tanks, plain. Cleveland, 133 
continuous flow, 318^ 320 
cost. 341-342, 836 
currents, 317-318 
detention period. 133, 324 
dimensions, 325 
^ direction of flow, 321 

displace Imhoff tanks, 134 
Dorr apparatus, 339 
effluents. 204 
flat bottom, 339 
fill-and-draw, 318, 320 
flowing-through period, 317 
freeboard, 336 
Grand Rapids plant, 836 
hopper bottom, 339 
as humus tanks, 133 
inlets, 326 

Link-Belt apparatus, 326, 339 
mechanically cleaned. S20-321 
Meider apparatus. 316. 326, 339 
nitrogen content of sludge, 677 
outlets. 326 

Phillipsburg, N. J., 317 
rectangular. 326 
roof, 336 

sludge production. 669, 7^7 
sludge removal. 133 
sludge storage, 324, 332 
Springfield, Mo., 133 
Syracuse, 133 
temperature, 312, 318 
types of tanks, 319 
velocities, 328 

Sedimentation tanks, preliminary, aeration, 
327 

area, 325, 620 
Aurora, 326 
bafllee, 328 
Baltimore, 331, 673 
Barrington, 825 
bottom slopes, 329 
Brockton, 672 
capacity, 148 

character of sludge, 672-673 
Cleveland, 672 
Columbus, 672 
cost. 341-342 
detention period, 324 
dimensions, 325 
Elyria, Ohio, 331, 673 
Fostoria, Ohio. 672-673 
freeboard, 336 
fresh sludge, 332 
Grand Rapids, 331, 072 
High Point, N.C.,, 331 
hopper bottom tanks, 333 
tnlets, 326 
Kiel, Wis., 326 
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S^menUtion tanks, preliminary, moisture 
content of sludge^ 331 
New York City, 326, 668 
North Toronto., Out., 331 
outlets, 326 

Passaic Valley Sewerage Commission, 11 
Peoria, 11, 673 

percentage of solids removed, 718 
preceding activated sludge. 567 
preliminary to aeration. 140 
porous plates, 327 
roofs, 331 

S.an Antonio, .331, 673 
sludge produced, 66t) 
sludge storage, 324, 332 
Springfield, III., 331, 673 
Syracu.se, 11 
Toledo, Ohio, 326 
Toronto, Ont., 073 
velocity, 325 

i^edin'entati'ip tanks, radial flow, 321 
iolets, 326 
•‘Utiets, 326 

l^liij^er<t»tiou tanks, secondary, .\krou, 
53Uo4() 
area, 325 

Barrington, N. J., 620 
l^l«>omiiigton, '111., 640 
. bottom slopes, 220 
bottom types, 630 
Chesterfield, Kng., 620 
Cleveland, 630 
ColUngswoml, N. J., 620 
Ci.st, 341-342 
, Decatur, 111., 540 
Delaware, 540 
dimensions, 326 
design charactertstics, 620 
detention period, 324 
Dortmund, 620 
Durham, N. C., 530 
effluents, 610 
Elgin, 540 

Fitchburg, 341, 639-540 

following activated sludge, 669-619 

following aeration, 140', ^24 

frQ«bi>ard, 336 

Oloversville, 540 

Houston, 61^-620 

inlets, 326 

Lawton, Okla., 620 

Lemoure, Cal., 629 

hladison, Wis,^ 640 

New York City, 326 

outlets, ,326 

pH control, 55 

pet-ceutage solids i-emovVKi, ^18 . 

Phoenix, 629 
Prio«6ton, III., 629 
roofft, 636 


Sedimentation tanka, secondary, San Bor- 
nardino, Cal., 640 
San MarcoH, Cal., 620 
Sheffield, Eng., 620 
sludge, 639 
sludge blanket, 614 
sludge removal, 323, 530 
sludge storage, 324, 332, 537 
tanks, 133 
Worcester, 639'~540 
velocities, .326 

Sedimentation tank.s, vertical flow, area, 326 
baffles, 328 
bottom slopes, 320 
conical bottom, 340 
cost, 341-342 
design, 340 

detention periods, 620 

dimensions, 325, 340 

Dortmund, 340, 620 

as final settling tanks, 669 

following trickling filters, 637 

freeboard, 336 

inlets, 326 

object, 321 

operation, 341 

outlets, 326 

roofs, 336 

sludge storage, 332 

Turk, 322, 335 

velocities, 325, 340 

Seiches. 201 

Self-purification of waters, 18, 22, 70, 158 
160 

chemical processes, 161 
Des Plaines River, 166 
Illinois River, 166 
Ohio River, 166 
physical proe^esses, 160-161 
Potomac River studies, 170 
sedimentation, 161 

Separate sludge-digiestion tanks, 144, 416 
\ mhndale, N. J., 422 
Antigo, Wis., 424, 432 
artificial heating. 419 
Aurora, III., 432 
Baltimore, 7, 418, 426 
Bath. Kng., 16. 431 
Birmingham, Eng.. 7, 16, 422, 431 
Boonton, N. J., 432 
bottom slope, 416 
Burnley, Kng., 16 
rapacity, 418, 421 
character of sludge, 674 
Charlotte, 422 
circular tanks, 416 
'<Cleveland, 7, 420, 423 
cost, 434 

cost of operating Grand Rapids plant, 836 
crusting of coils, 4‘26 
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Separate Bludge>digeetion tanks,,)'Dagenham, 
Eng.. 10 

digestion, 143-144 

disposal of digestion tank liquors, 428 
domes, 423 
Dorr, 417, 423 

Downes floating cover, 7, 422 
effect 6f effluent on activated-sludge proc¬ 
ess, 693 
Elgin, 422 

Elyria, Ohio, 7, 423, 431 
Emscher District, Germany. 417 
English practice, 431 
Erie, 417 
Findlay, 423 

gas collection, 7, 10, 422, 429 
German practice. 10 
Grand Rapids, 7, 420, 691, 830 
Hackensack Valley. N. J., 420 / 

^Hardinge equipment. 423 
Hartford, Conn., 427 
heat exchanger, 425 
heal transfer efficiency, 426 
heating, 144,-423~425 
inception, 7 
Kiel, Wis.. 427 
ICitchener, Ont., 7 
Kremer-Kusch, 417 
liancaster, Pa., 7 
Iwiwrcnce Experiment Station. 7 
Lima, 7 

McPherson, Kan., 423 
Mamaroneck, N. Y., 423 
mechanical equipment, 7, 144, 423 
Manchester, Eng.. 16 
Middletown, N. Y., 423 
Middlesex County, Eng., 16 
Milwaukee, 419 
North Chicago, 423 

North Toronto, Ont., 7, 420, 423, 432, 435, 
670 

overflow liquor disposal, 429 
Pacific Flush Tank Company, 422 
Peoria, 7, 419-420, 432, 435 
performance, 143 
Plainfield, 422, 426 
Pottstown. 423 
Ridgewood, N. J., 427, 428 
roofs, 422-423 
Salem, Ohio. 420. 432 
San Antonio, 420 
sludge, character, 670, 675 
as fertiliser, 691 
piping. 427 

storage requirements, 421 
utilising, 688 
well. 429 

Springfield, Ill., 7-8, 417, 420, 422, ^20. 
432 

st atistics of plant*, 432 


Separate sludge-digesticn tanks* tempera¬ 
ture, 16, 418 
tendency to use, 13 
Toledo. 7 
Topeka. Kan., 4.32 
types, 416-417 
Septic tanks, Akron, 672 
arrangements, 383 
bacteral removal, 775 
Haiti more, 672 

liarnstable County Infirmary, 796 

capacity, 790 

character of sewage. 378 

Cleveland, 672 

Columbus, 384, 672 

cost, 134, 376, 384 

described, 376 

design, 377 

detention period, 134, 379 

digestion of solids, 5 

disadvantages, 376 

Doten. L. S.. 383, 385 

efficiency, 382 

effluents, 1.34 

English practice, 15 

examples, 383 

Fairmont, Minn., 383 

flat bottom. 377 

Fort Meyer, Va.. .382 

German practice, 16 

Greenwich, Conn., 382-383 

hopper bottom, 377 

horisontal flow, 377 

inletp, 380 

Ithaca, 382 

Lindsay. Cal., 672 

litigation. 6 

Mansfield, Ohio, 382 

modern. 134 

Mount Kisco, 382-383 

nitrogen content of sludge. 677 

number of tanks, 379 

odors, 23 

operation, 6 

opinions, 6 

outlets. 380 

Philadelphia, 672 

Plainfield. 884 

principles, 376 

Reading. 382, 672 

residential, 790, 793 

roofs, 379 

Saratoga Springs, 6, 380, 382 

.scum, 377 

Hedimentation, 5 

septic process, 376 

single-story, 790 

slopes of tank bottoms, 381 

sludge, character, 672, 674 
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Septio tanks, sludge, removal, 381 
storage, 880 
temperature, 301 
solids digestion, 5 
Sturgis, 383 
two-story, 6, 793 
Travis, 6 

unsatisfactory operation, 6 
Washington, 382-383 
Wat-erbury, Conn., 172 
Worcester, Mass., 384, 672 
Worcester Asylum, 6 
Settling solids, 39-40, 101 
Columbus sewage, 100 
in industrial wastes, 818 
Providence, 101 
results, 113-118 
Hewage, acid, 48 

aerobic decomposition, 53-61 
Akron, 818 

albumiiioid ammonia, 101, 104 
alkalies, 48, 113-118 
ammonia, 48 

analyses, 32, 93, 97, 113 US, 594. 819 
' biological character, 30 
bioohemieal oxygen demand, 77, 105 
carbo-hydrates, 42 
cellulose, '42-43 
characteristics, 30, 98 
chemical character. 30 
Chicago, 40 
chlorides, 47, 113, 118 
chlorine demand, 769-770 
classification of tests, 33-34 
colloidal matter, 37, 103 
composition, 31, 89, 95, 284 
concentration, 31 
condition, 31 

constituents, 30, .30-37, 39 

decomposition, 46-47, 53 

defined, 1 

deposits, 182 

dissolved matter, 37, 99 

dissolved oxygen, 34, 59-60, 103, 731 

fate. 43-44, 60, 68, 76-77, 113-118 

fecee, 94-95 

fertiliser, 234 

field, 196 

filtrable matter, 37 

fuel value of solids, 700-701 

gases* 52 

hardness, 93 

hospitals^ 788 

hydrogen-ion concentration, 53 
hydrogen sulfide# 49t;5ii 
industrial wasti^r 8^, 41. UO, 7H8 
inorganic maUere,^'47 
iron, 46-49, U8-118 
load, 20-21, 70 
methane, 52 


Sewage, mine drainage, 94, 98 
mineral matters, 47, 49, 78 
nitrates, 45, 48 
nitrites, 48 

nitrogen, 45-47, 52, 76, 93 
organic matters, 41, 76 
origin, 89 
oxidation, 62 
oxygen demand, 63, 106 
paper, 36 
phosphorus, 49 
physical character, 94 
potash, 49 
properties, 36 
proteins, 41 
quality, 00 
quantity, 00 
ruitifall, 284 
reclaiming, 128 
residential, 787 
sampling, 70 
septic, 48 

settling solids, 39 -40, 100-102 
soaps, 44 

solids, 36-.37,98, 113-118 
sulfur, 46 

suspended matter, 37, 30-40, 98, 108 

temperature, 108-100 

tests recommended, 33, 70-87 

typical American, 96 

variation, 98 

volume, 787-788 

weight, 92, 110 

Sewage disposal, American practice, 18 
broad irrigation, 2, 126 
controlled, 18 
dilution, 10, 122 
early methods, I 
English practice, 14 
general considerations, 18 
German practice, 10 
infectious diseases, 20 
"methods, 121 
preceding dilution, 124 
present status in United Statas, 13-14 
streams, 19 

Hewage treatment, activated-sludge, 148 
aeration, 9-10, 124, 131, 136 
American practice, 18 
bacterial removal by different processes, 
775 

based on analyses, 69 
biological, 128 
broad irrigation, 126 
chemical precipitation, 133 
chlorination, 141, 762 
choice, 141J 

combined processes, 149 
complete, 128 
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FWiwagp trnaiineni< romplicated, H 
contact aerators, 
contact beds, KtA 
(•ost, 27 

degree desirable, 21 

deodorizing, 141 

dilution, 168, 100 

direct-oxidation process, 128, 136 

disinfection, 141, 762 

economics of choice, 148 

electrolytic treatment, 132, 136 

experiments, 29 

extent, 12, 127-128 

hltratiou, 136-139 

fish ponds, 126 

general considerations, 18 

governing factors, 147 

ImhofF tanks, 136, 148 

impounding reservoirs, 126 > 

influence of collecting syst^mi 148, 437 

influence of temperature, 124 

institutional sewage, 782 

intermittent filtration, 13G, 148 

lime electrolytic process, 136 

magnetite filter, 132 

mechanical equipment, 14 

Miles acid process, 132, 134 

need for, 127 

object, 18, 70 

objectionable conditions, 23 
odors, 23 

oxidation methods, 128, 135 
plants, analytical results, 832 
consulting supervision, 8^13 
costs of operation and maintenance, 836 
financing operation, 832 
maintenance, 831, 836 
Massachusetts pra<*tice, 836 
operating records, 833 834 
operation, 14, 807, 8:31 
personnel, 14 
sites, 23, 27, 128 
state control, 836 
supervision, 831 
type, 128 
present trends, 14 
reasons for, 18 " 

relation to water purification, 20-21, 70 

relieves water pollution, 23 

residential sewage, 782 

screenings, 69,129 

sedimentation, 48, 128, 132 

septic tank, 134 

sludge disposal, 142, 148 

sludge produced from various processes; 

669 

stream protection, 18, 23 
subsurface irrigation, 627 
trickling filters, 138 
tsrpe, 128 


Sewage treatment. >.5. water treatment, 215 
winter operation, 691 

Srtrairr lVorf:t> .hmrnnt, 30H, 371, 696, 666 
780, K;t<i 

Sewers, Huston joint trunk, 27 
combined, 90, 98, 113, 332 
disintegration by acids, 809 
flushing, 229 
Los Angeles outfall, 27 
Milwaukee, 809 
Newark joint trunk, 27 
Pawtucket, 899 
separate, 90, 116-117 
Worcester, 809 

Shedd, J. Herbert,, Charle^i River Dam, 207 
dilution studies, 200 
Sheffield, Eng., aeration tank, 001 
mechanical aeration, 622“ 623 
velocity of circulation, 603 
Shellfl.sh, bloating, 221 
pollution, 220 
standards, 221 
typhoid, 221 
Shepard, W. F., 6’ 4 

revolving distributor';, 506 
Sherman, Tex., air lift, 616 
character of sludge, 673, 675 
sludge disposal in stream, 697 
Shissler, E., 544 
Shredder, 280 
Shunt meter, 652 
Sierp, F., 436, 696 
wasting sludge, 680 
Sifeed clarifier, 327 
Simplex aerator, 16, 575, 622-624 
Bolton, Eng., 022 
Bury, Eng., 624 
Christopher, Ill., 625 
Dunsmuir, Cal., 626 
Lawton, Okla., 625 
Lemoore, Cal., 626 
Princeton, Ill., 601, 625 
Rochester, Minn., 025 
Woodstock, 111., 626 
Sink drainage defined, 89 
Siphons (see Automatic dosing apparatus) 
Skatol, 63 

Skimming tanks, 130, 283, 298 « 

aerated grease tanks, 131, 299 
Akron, 11, 299, 301-302 
Allentow'n, Pa., 301 
Chicago, 301 
cost, 307 
Dayton, 301, 307 
description, 298 
design, 299 

disposal of skimmings, 131, 302 
ImhofT, 300 
Keefer and Krata, 302 
Lima, 303 
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Skimming tanks, noszlee. 301 
object. 298 
Pasadena, 300 
power, 307 

preceding activated sludge, 567 
preliminary to aeration, 140 
removal of skitnmings, 302 
Ruhr District, Germany, 300 
San Antonio, 300 

separate digestion tanks for skimmings 
disposal, 303 
Springfield, Ill., 300, 303 
Toledo, 299 
use, 11, 298 

Washington, D. C., 290 
Skimmings, Akron, 304 
Aurora, 304 
Cleveland, 304 
Fitchburg, 304 

removal at various places, 304 
Stunps, Mich., 304 
Syracuse, 304 
Worcester, 304 

Skinner, John F., gas vents, 397 
, Roehester grit chamber, 28(1, 200, 202- 203 
Slots, Imhoff tank, 6 
Sludge, A.B.C, process, 5 
- acidity, 84 

activated, 585,671, 673, 677-078, (iOl 603 
4 aeration tank, 140 
alkalinity, 84 
Alliance, 688 
Anaheim, 680 

analyses, 672-673, 675, 677, 670-680, 703 

Baltimore, 682, 687-688 

Birmingham, Eng., 674 

blanket, 614 

Boston, 685 

bulking, 586 

calorific value, 146 

centrifuging, 593 

Champaign, 111., 677 

character, 67, 670-673 

Chicago, 677, 682 

chlorinated sewage, 674 

Cleveland, 680 

composition, 674-676 

constituents, 66 

crop experiments, 681-684 

Dayton, 688-689 

deposits, 181 

dewatering, 148. 50-^ 

from different pirocesses, 66^-(' 

digested,' 674 i 

digestion definedf 6T.; 

drying. K8 f / ’ , 

economic valoes,* 07^.' 

ether soluUe qontWt, 684-6^«^ 

egamination, ^ 

lata, 68, 684^ 


Sludge, fertiliser value, 676, 679-680. 686, 
601-693 
friction, 743 
I'lillertou, 680 
Grand Rapids, 688 
grease content, 68 
hydrogen-ion control, 145 
humus tank sludge, 673 
hygienic considerations in use of sludge as 
fertilizer, 693 

Imhoff tank, 6, 12, 135, 143. 145, 672, 
674, 677, 691 
index, 587-588 
inverse index, 587 
iron, 68 

level indicator, 615 
I.«exington, 688 
Lindsay, Cal., 680 
Madison, Wis., 682 
Marion, Ohio, 688 
marketing, 686 

Metropolitan .Sewerage Commission of 
New York, 686 
Miles acid process, 678 
Milwaukee, 682, 687-688 
mineral analyses, 675 ' 
mineral matter, 68 
moisture content, 83, 143, 331 
New Haven, 674, 685 
nitrogen, 68, 676-078, 680 
nitrogen balance, 590, 677 678 
North Toronto, Ont., 682 
Orange, 680 
organic content, 67 
Pasadena, 687-688 
phosphate content, 678-679 
phosphorus, 68 
plain sediraeutation, 66, 132 
Plainfield, 678-679, 684 
potash content, 678-679 
prices for fertilizer, 686 
prices for grease, 686 
^ primary tank sludge, 673 
properties, 66 
proportion of return, 610 
Providence, 674 

quantity produced, 613-614, 668 -670 

return, 139 

Rochester, N. Y., 688 

.Schenectady, 688-689 

sedimentation tank, 330-331 

selling to farmers, 687-601 

'^^^parate sludge-digestion tanks, 677 

septic tank, 66. 67. 134, 672, 674 

septielsation defined, 67 

solids tests, 84 

sp<»ciSc gravity, 83 

tankage, 685 

t*»m?erature, 143 . 

trickling filters. 673, 677 



.INDEX 


Sludge. Urbstia, 682 r^. 

volume, 67, 142, 330 
water content, 67 
water control, 142 
weight, 142 

Worceeter eKperlments, 668-660, 680 
Sludge conveyors, 704 
Baltimore, 707 
belt conveyors, 704 
Birmingham, Eng., 707 
l^radford, Eng., 707 
Canton, 707 
carts, 706 
Chicago, 710-711 
conduits, 705 
dump car^, 705 

Emscher district, Germany, 710 
friction in pipes, 706-711 
Glasgow, ScotWd, 7< i 
Manchester, Kng., 7(^7 
Milwaukee, 704 
North Toronto, Out., 710 
open channels, 710 
pipes, 706, 707-711 
Pittefieid,. 707 
Syracuse, 707 
Toronto, Ont., 707 
Wolverhampton, Eng., 707 
Sludge-digestion tank.s Separate sludge- 
digcstion tank.H) 

Sludge disposal, 142 
acidifying, 364 
alkalies, 364 
alkaline earth, 366 
alum treatment, 717 
American practice, 696, 697 
anaerobic, 356 
.\ntigo, 367-368 
Atlanta, 097 
Aurora, III., 307-368 
Austin, 371 
Baltimore, 146, 368 
Birmingham, Eng., 368 
Blackburn, England, 697 • 

Brockton, Mass., 363 
burning, 371 
Buawell studies, 364 
Canton, 097, 712 
centrifuging, 145-146 
characteristics, 359 
Charlotte, 372 
chemical precipitation, 355 
clarification, 355 

Chicago, 146, 367-368, 700-701, 712 

Chico, Cal., 367 

Collingswpod, N, J., 146 • 

conditioning, 140 

Coney Island, 145-146, 700 

conveyors, 704 

Cleveland, 696 


Sludge dispcsal, Dayton, 367-368» 370; 372'. 
Dearborn, 701 
Decatur, 368 
DoKalb, 367 

destructive distillation, 700, 702-704 

dewatering, 11-12, 14, 142, 145-146 

digestion, 12, 142 143 

di.* 0 >oHal In water. 694 

Dublin, Ireland, ^’04 

dumping on land. 16, 147, (197, 699 

dry sludge disposal, 699 • • 

Elizabeth, N. .1., 69.5-696 

English practice, 694 

Elyria. Ohio, 367 

f.actors, 350 

Fair’s studies, 302-363 

Fair and Moore formula, 700 

fertilizer, 11 -12, 143, 146-14/, 670-603 

fillin«, 143, 099 

filtering, 142, 145 

Fitchburg, 699 

flotation, 143, 145 

flowing on land, 697, 699 

fuel value, l(KF-70l 

Fotul du 307 

Fr.rt Worth, 367 

Fulweiler, 371 

gas, 143 

activated .sludge, 367 

analysis, 308 

Calumet, plant, 3(>7 

character, 369 

city supply, 371 

collection, 371, 372 

container, 431 

explosions, 4.30 

hazartLs, 372 

for heating, 369 

IinhnlT tank sludge 307 

incineration, 370, 372 

internal-coinbusti«)n engines, 370 

measurement, 327- 

piping, 430 

power, 370 

primary tank sludge, 307 
production, 366-367, 704 
quantity, 366-307 
at sea, 11, 16, 142, 147 
utilization, 366-369 
German practice, 433 
CJlasgow', .Scotland, 694 
Grand Rapids, 367-368 
grit chambers, 355 
Halle, Germany, 368 
Hasdtine, 371 - ■ - 

heat drying, 12, 143i 146 
Heukelekian, 360, 362 
High Point, N. C„ 367 
holders, 372, 431 
Holmes, 371 
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Sludge diepoeal. Houeton, 6P0 
humue* 356 
Imhoff tank* 6, 143 
incineration, 11. 143, 140, 700 702 
industrial wastee, 828 
Keefer and Krats, 364 
Kiri, Wia., 427 
Kraus, 365 

lagooning, 16. 23, 142, 147, 697 
l^ncaster. Pa., 431 
Leeds, Bng., 763 
Une, 363-364 

loading of sludge beds, 721 
London, Eng., 694 
Long Beach, Cal., 370 
liOS Angeles County Sanitation Districts, 
365 

Manchester, Eng., 694 
Maiharoneck, N. Y., 697 
marketing, 686-693 
mechanical dewatering, 12, 741 
methods, 667 
micro-orgaoisms, 356 
j4$wattkee, 146. 368, 705 
Mew Haven, 696 
New York City, 695 
Newark. 371-372 

North Toronto, Ont., 367-368, 690 

o4ors, 23, 371 

plB control, 363 

PaoiBe Flush Tank patent, 362 

Passaic Valley, 695-696 

Pearse and Mohlman, 589 

Peoria, 365—367 

Pittsfield. 712 

Plainfield, 146, 367-368 

pressure filters, 145 

principles, 356 

protosoa, 356 

Providence, 694 

pumps, 712 

reactions, 362-363 

Reading, 699 

Rochester, N. Y., 699 

Rockville Center, N. Y., 371-372 

Rudolfs, 350, 364 

Salem, 367 

sampling, 83 

San Marcos, 697, 699 

sand bedst 12 

Schenectady, 609 

wum, 427 

<Mmentation, 355 

feeding, 359-360 

,fseparate tanks, 143*144;; 

•epticisation, 355 'i ] 
skimming tanks, 355^ V ^ 

.rindge-dryiag beds, 715 
>rii|dg4 ejectors, 7i2 
‘mn4i$0 pumps^, 712 


kludge disposal, sludge pumps, air lifts, 712 
centrifugal, 712 
diaphragm. 712 
plunger, 712 

Solvay Process Company, 11 
Southampton, Eng., 694 
Springfield, lU., 367-369 
stages, 357 
statistics, 431-432 
storage tanks, 146 
Sturgis, 367 
Syracuse, 11, 712 
temperature, 361, 589 
thermophilic digestion, 362 
treatment, 142 
trenches, 697 
two>stage digestion, 364 
vacuum filters, 145 
volume of sludge, 705 
in water, 12, 145* 

Waukesha, 367 
Winston-Salem, 11 
W'olverhampton, Eng., 697 
Worcester, 700 
Worcester incinerator, 146 
Sludge drying, mechanical, acid illation, 756 
alum, 745 

aluminum milfate, 743-744 

American practice, 752, 754 

Atlas, dryers, 757 

bag-proHs filters, 748 

Baltimore, 746-747, 752*753, 755, 758 

Berrigan press, 750-751 

blinding of filter cloth, 741 

centrifuges, 765 

chamber press, 748-749 

Charlotte, 752, 760 

Chicago, 742. 744, 746-747, 749 751, 756 

coagulants for pretreating sludge, 744 

coke breese, 745 

conditions, 741, 740, 761 

costs of dewatering, 760 

r of drying, 760 

diatomaceous earth, 744-745 

disk filter, 762, 764 

District of Columbia, 748 

drum filters, 752 

effect of chemicals on rate of filtration, 745 
elutriation, 747-748 
ferric salts, 743, 751 
filters, 748 

flotation, 755 * 

Frankfort-on-the-Main, 755 
gases from driers, 763-750 
H-ion concentration, 741 
Hannover, Germany, 756 
heat dryers, 757 
Houston, 152, 751-752, 754 
lead filter press, 748-740 
lime, 746 
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kludge djfying. meohanical. mctbijd!?, 741- 
742 

Milorgaiitt(> production, 75t» 

Milwaukee, 741-742, 744, 74(i 747, TW, 
756, 757, 769, 7(51 
New Britain, Conn., 750 
odors, 759 
oil Ran carbon, 745 
Oliver filter, 744, 746, 761-764 
Pasadena, 741,744,762, 757 -768, 760-761 
phosphoric acid, 746 
Plainfield, 756 
prefiltration, 741 
Providence, 746, 749 
rotary heat dryers, 757 
Ruggles-Coles drier, 767 
Simplex press, 746, 761 
spent-oil shale, 746 
spray drying, 756 
sulfuric acid, 742 
sulfur dioxide gas, 745. \ 61 
temperature, 742 
Toronto, Ont., 752 
Urbana, 766 
vBLCuum filter, 751-762 
Worcester, 746, 749 
Worthington pres.^, 746, 750-751 
Sludge-drying bed.s, 144, 647 
Akron, 12, 721-722, 733, 735 
Albany, 722 

Allentown, Pa., 722, 733 
alum treatment, 717 
American practice, 715, 718, 723 
Atlanta, 697 

Baltimore, 11, 717, 721, 726, 729, 733 
Barber-Greene loader, 731 
Birmingham, 722 
Bloomington, Ill., 722 
Brockton, 717, 722-723, 7,39 
Canton, 697 

carriers for sludge removal, 731 
characteristiins, 714 
Chicago, 12, 719, 721, 722, 731 
cleanouts, 723 
climatic influence, 145 
Columbus, 722 
construction features, 723 
copper sulfate treatment, 737 
costs, 739 
Dallas, 722 
Decatur, 12 

design statistics, 733-734 
dosing, 725 
English practice, 16 
Erie, 12 

Evers Sauvage sludge stripper. 731 
Fitchburg, 721, 722, 733, 735-736 
Flint, 12, 72 
Framingham, 722, 733 
German practice, 17 


kludge drying beds, glassed beds. 146 
Gloversvillo, 717 
linnultnn, Out.. 722 
Hartford. 722 
J^ukewood, Ohio, 722 
Lancaster, Pa., 12, 722 
Lincoln, 722, 733 
loading, 721 

Mamaroneck, N. Y., 697 

Marlborough, Mass., 722-723 

moisture in sludge, 718 

open beds, 716 

operation, 716, 718, 723, 736 

period of drying, 715, 718 

Peoria. 12. 721- 722 

Philadelphia, 12, 722, 733 

Pittsfield. 722-723 

Plainfield, 717 

Presque Isle, Me., 724 

Rochester, 12. 721-’^23, 733. 735 

roofed beds, 728 

San Antonio, 721, 733, 738 

Han Bernardino, 731 

Hanitary District of Chicago, 723 

Han Marcos, 697 

Hchenectady, 12, 721 

slag, 16 

sludge removal, 726 
sludge stripping machine, 731 
splashboards, 725 
Trenton, 722, 733 
United Htates practitte, 144 
Worcester, 715^716, 731 
Yield of solids, 718 
Hludge-drying beds, glassed, 145 
.area, 719, 722 

Alliance, Ohio, 12. 719, 722, 734 
Bloomington, 111.. 734 
Boonton, N. ,1., 722 
carriers for sludge removal. 730 
Chicago binls, 728 
Chicago experiments, 719 
Cleveland, 12, 725 
costs, 719, 739 

Dayton, 12. 720-722, 734, 737 
design statistics, 734 
Elyria, Ohio, 722, 730. 734 
expensive, 146 
Greenwich, Conn., 727 
heating, 728 
Lima, 12, 722 

Marion, Ohio. 12. 719-722, 728, 734 

loading. 721 

Lodi, N. J., 727 

method of covering, 725 

North Toronto, 716, 722, 725-726, 737 

odor control, 145 

operation, 718 

sludge removal, 729 

temperatures, 728-729 
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Sludge-drsring bedft, glawed, Tenafly. N. J.. 
7ie. 720-722. 739 
Toronto. Ont., 12. 721, 734 
Torrance, Pa., 726 
traoks lor sludge removal, 729 
ventilation 719, 726-727 
Sludge^level indicator, 615 
Sludge removal, 333 
air lifts. 616-610 
apparatus. 167 
Buchart. 335 

devioes for sedimentation tanks. 322, 620 
Dorr apparatus, 316, 322, 334, 620 
eductors for sludge-drying beds, 729 
ejectors, 276-277, 290, 620 
Fidler, 322-335 
gantry crane, 307 
^ardinge, 335 
hopper bottom tanks, 333 
Leipsig, Germany, 335 
Unk-14elt, 319, 322, 620 
mechanical, 334 
Mkkier, 322. 335-.336 
' MrlWiikee, 157 
monitors, 289 
plows, 157, 301, 322 
pipes, 333 

pumping. 405, 616-619, 712 
• rate, 334 

scrapers, 16, 301, 319, 322, 334 
Tark, 335 

Bmith, Angus, aeration studies, 0 
Pasadena sewage farm, 247 
Smith, £!• 490 

Soap-manufacturing wastes, 43 
Sodium nitrate treatment, 125 
Sol defined. 38 

Solids (««« Sedimentation: DigeHtion; etc.) 
Solution, defined, 38 

Solvay Procees Company, sludge disposal, 
11 

Soper, O. A., screens, 273 
South Essex Sewerage District, outfall, 229 
South Norwood. Eng., dosing sewage farms, 
240 

South Yonkers, N. Y., incineration, 278 
Southborough, Mass., St. Mark’s $chool, 
volume of sewage, 787 
Southbridge, Mass., efficiency of sand filters. 
453 

Southampton, Eng., sludge disposal, 694 
Spencer, Mass., efficiency of sand filters, 463 
Sphaerotilui natansy 

Springfield, Ill., aetiva^d sludge, 10-11, 567 
air consumption, gyration tanks, 605 
analyses of sewugg.uiid effluents, 604 
character of sludgk* ]673 
ConpersviUe bloam, 657 
coet of operating activated-sludge plant, 
836 


Springfield, Ill., floating cover. 422 
gas analysis, 368 
gjis collection, 8 
gas production, 367 
gas utilisation, 374 
grit chamber, 286 
heating by gas, tl69 
heating separate sludge tanks, 426 
moisture in sludge, 331 
multiple collecting troughs, 621 
results of activated-sludge treatment, 604 
separate sludge-digestion tanks, 7, 420, 
432 

skimming chambers. It, 300 
sludge storage, 8 

.Springfield, Mo., sedimentation tanks, 133 
trickling filter, 9, 608--510, 542 
Springfield separate sludge-dige.'^tion tank, 
417 

Sprinkling filters (see Filters; Trickling) 
Stable sewage disposal, 799 
Stand-by tanks, English, 16 
.Stanley, W. S., 420, 436. 643 
finHl-sedimeniation tanks, 019 
trickling filters, 494 
Stearns, F. P., butterfly valve, 555 
dilution studies, 205-200 
Steel, E. V/., 600, 808 
Stein, M. F,, 595 
floc(‘ulation, 561 

Sterilizing agents for saiuples, 71 
Stevenson, R. A., 342 

baffled and unbafRed tanks, 328 
process, 363 

Stevenson and Banks, 354 
Stiles, O. W., typhoid fever, 693 
Stockbridge, Mas.s., efficiency of sand 
filters, 453 

Stockyards plant, suspended solids in 
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stand-by tanks, 15 
storage, 15, 131 

Storm-water tanks, 131, 283, 304-306 
Columbus, 306 
EngUsh, 15 
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intermittent sand filters, 437, 454 
sludge beds, 716 
area, 722 
loading, 721 
sludge disposal, 12 
Tark screen, 281 
Tests, acidity, 79, 84 
albuminoid nitrogen, 76 
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